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“The future is not some place we are going to, but one we are creating. 
The paths are not to be found but made, and the activity of making them changes 
both the maker and the destination.“ 
John Homer Schaar (2006) 
 
 
The neglect of oral health in the Philippines 
Oral diseases are increasingly recognised as a neglected area of global health. 
Dental caries is the most common chronic disease of children and represents a huge 
burden in terms of quality of life. Dental caries has even been characterised as a 
pandemic and a public health crisis.1-4 However, globally, oral diseases and oral 
health fail to receive much political attention.5,6 This is certainly the case for the 
Philippines where the prevalence of dental caries is high.7 As for most low- and 
middle-income countries, dental caries in the Philippines remains largely untreated 
and is highly correlated with socio-economic status.8,9 The Care Index, as an indicator 
of the restorative dental care level, remains below 30% for adults in countries with a 
GDP below US $ 5000 per capita.10  
Despite a considerable dentist-population ratio of 1:86001, dental services are either 
not affordable for the majority of the population or are simply unavailable in rural 
areas. A national policy for prevention of oral diseases did not exist in the late 
nineties. The existing 700 school health dentists lack supplies and pragmatic 
guidance for meaningful activities. Their work is usually limited to screening and 
provision of oral health education. According to the literature, such activities have no 
significant impact on the oral health of school children.11,12   
 
Dental volunteerism 
Working repeatedly as a short-term volunteer dentist for the German Non-
Governmental Organisation (NGO) Committee of German Doctors in Mindanao 
(Philippines) since 1996 provided the opportunity to witness at first hand the huge 
unmet dental treatment need. My first activity as a volunteer was to provide free 
treatment to relieve those suffering from dental pain mainly caused by untreated 
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caries. In the Philippines, while there are more than enough dentists to care for a 
small middle-class population, the ruthless reality is that the majority of people are left 
without any real access to even the most basic of oral care. In such circumstances, 
the impact of short-term volunteer work is naturally very restrictive and therefore the 
rationale and aims of the traditional volunteer approach is in need of serious 
reconsideration. The last decade has seen an increasing critical debate in the 
literature about the appropriateness and sustainability of traditional volunteer work in 
the oral health sector.13-18   
 
Volunteer for a Filipino dental team sponsored by a NGO 
In order to evolve from a largely extraction-based approach to a more prevention 
oriented approach, a school-based oral health programme was developed in 1997, 
involving the Department of Education of the Misamis Oriental province, the WHO 
Collaborating Center for Prevention of Oral Diseases in Erfurt, Germany and the NGO 
Committee of German Doctors. This five-year programme, sponsored by Ivoclar 
Vivadent, included visits by a Filipino dental team to 20 public elementary schools 
three times a year. This Filipino dental team financed by the NGO provided oral health 
education, organised supervised toothbrushing sessions and applied fluoride varnish. 
The team also offered oral urgent treatment (OUT), consisting of extraction of 
decayed primary and permanent teeth with pulp involvement, and undertook 
restorative care for permanent teeth using the Manual Restorative Treatment 
approach.19 Furthermore, a parent and a teacher representative were trained in each 
school as oral health promoters according to a concept developed in Switzerland.20 
My volunteer role in this programme was limited to an annual one month visit from 
Germany to the dental team for supervising, upgrading treatment modalities and 
protocols and linking the programme to the latest international guidelines and 
resolutions on oral health.  
 
Improvement of quality of life, but no decline in caries 
The evaluation of the programme showed a dramatic reduction in the number of 
carious cavities as a result of treatment. Children experienced less toothache and 
school absenteeism declined as compared to schools that did not participate in the 
programme. However, while the quality of life had improved, the project failed to show 
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any benefits with respect to caries prevention.21 The dental team was completely 
overburdened by the high treatment needs and tried to provide as much traditional 
clinical treatment as possible while neglecting the preventive aspects. These 
observations were in line with published literature confirming that a traditional, mainly 
restorative approach, does not result in a decline in caries22 and that health education 
does not result in behavioural change regarding oral hygiene and diet.23 
Moreover, the evaluation revealed other problems: The dental team of the NGO was 
better paid and better equipped than their school dentist counterparts who could not 
offer treatment due to lack of materials and equipment. This led to a devaluation of 
the status of these local health workers and undermined local efforts to strengthen the 
existing health system.14,24 The participating schools were not able to sustain the 
services provided by the NGO after the end of the programme since they did not have 
the resources to cover the costs, which were disproportionally high because of the 
focus on treatment, a situation also found elsewhere.25 This approach to improve oral 
health of Filipino school children was simply not realistic nor feasible, even though it 
was organized and carried out in accordance with the strategy and principles of the 
WHO-endorsed Basic Package of Oral Care (BPOC). 26 
 
Foreign expert working in the Department of Education in the Philippines  
The disappointing outcome of the previously described NGO programme led to a 
realisation by stakeholders that sustainable change in oral health in the Philippines 
would only be possible through an effective preventive approach. Thus, in 2002, the 
Health and Nutrition Section of the Department of Education (DepEd) requested 
assistance from the German Government for the provision of an expert in school-
based oral health promotion. My task as this expert was to assist DepEd in 
developing effective concepts to improve oral health of children within the public 
elementary school system making the best use of available resources. 
In the Philippines, child health falls under the responsibility of the Department of 
Health, while school health is under the national remit of DepEd. This situation gives 
cause to unclear and overlapping responsibilities. The Philippine Health Act of 1911 
requires DepEd to conduct annual physical examinations of school children. 
Currently, the 700 school dentists and 700 school dental aides are tasked to annually 
examine all 12 million public elementary school children. Besides screening, the 
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school dental workforce provides oral health education lessons in accordance with 
WHO recommendations.27  The rationale for mass dental screening is early detection 
of disease and consequently to provide treatment. Since the school dental service has 
no treatment resources, children are referred to private practitioners for care, a 
system that does not work even in high-income countries.28 The effectiveness of mass 
dental screening without offering appropriate care could even be considered unethical 
and is unsupported by scientific evidence.29 Available data at the time clearly 
indicated that annual dental screening had no impact on the Care Index of Filipino 
children.7  
 
First attempt to establish a school-based oral health programme  
In my new function as an integrated expert in DepEd, a pilot demonstration project 
was initiated with several schools where daily school-based toothbrushing 
programmes were introduced. It was anticipated that daily school-based 
toothbrushing with fluoride toothpaste, starting in grade 1 schoolchildren, would 
impact on the caries levels of the permanent dentition. It was also hoped that a single 
application of 38% silver diammine fluoride (SDF) provided by the school health 
workforce would result in additional caries preventive effect over and above that 
obtained by the regular use of fluoride toothpaste. The rationale for the selection of 
38% SDF, as an additional preventive measure, was its ease and speed of 
application, its low cost, and its potentially high caries-preventive and caries-arresting 
effect.30 This intervention was also selected in the perspective of being a feasible 
component in a national school-based health programme considering the limited 
health workforce in the school system. A single application of SDF was chosen 
because repeated applications were unlikely to be feasible in the resource limited 
setting of the Philippines. This research is described in Chapter 2.  
However, despite a promising start with this demonstration project, significant 
implementation problems became apparent. One of the largest problems was the lack 
of washing facilities and access to water in most schools, which made it difficult to 
establish and sustain a daily school-based toothbrushing programme.  
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The National Oral Health Survey 2006 
In order to enable the presentation of sound arguments to advocate for an innovative 
approach to improve child oral health in the school context, a national oral health 
survey was conducted. The last nationwide oral health survey from 1998 reported 
caries levels that were among the worst in the world7, but this fact did not lead to 
effective national policy to deal with the problem. The relevance of traditional DMFT 
data is often lost when such data is presented to those who work outside the dental 
field. This might be one of the reasons for the low prioritization of the prevention and 
control of dental caries in public health contexts.5 The survey was thus 
conceptualised as a collaborative effort between the DepEd and the WHO 
Collaborating Center in Erfurt, Germany, with a definite advocacy objective in mind.  
This time, in addition to DMFT data, a new caries index was designed to assess the 
presence of oral conditions and infections resulting from untreated caries in the 
primary and permanent dentition (Chapter 3). Furthermore, the survey included 
anthropometric measures (Chapter 5), because some publications at that time 
suggested a possible relationship between severe dental caries and being 
underweight.31-33 The NOHS included also other indicators such as the prevalence of 
oral pain and school absenteeism, these being easier for non-dental persons to 
understand and to consider for decision making regarding national health policies 
(Chapter 4).  
To create awareness about the scale and severity of oral health problems of the child 
population, the high prevalence of oral pain and PUFA-caries conditions (Chapter 3 
and 4), the high school absenteeism34 and the presence of an association between 
PUFA-caries and a low body mass index (BMI) (Chapter 5) were all constituents in 
an advocacy process for more political support for oral health. Moreover, additional 
research was undertaken to further analyse the association between PUFA-caries 
and low BMI (Chapter 6).  
 
Advocacy for a sustainable change towards prevention 
The disturbing results of the NOHS (Chapter 3, 4 and 5) contributed to a broad public 
debate in the Philippine media. It created the intended wake-up call to national and 
international stakeholders and provided the basis for an intensive advocacy process 
to establish oral health status as a priority disease of Filipino children on the political 
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agenda.35-37 Consequently the Philippine government resolved to critically review 
existing oral health programmes. There was a growing awareness that considering 
oral health in isolation to other health concerns was inadequate. ‘Vertical dental’ 
solutions to the oral health problems of Filipino children had been ineffective in the 
past and a much broader approach was needed to tackle not only dental infections 
but also other preventable diseases from which school children suffer.  
The main diseases are:  
 Diarrhoea, acute respiratory infections and pneumonia, the top three diseases 
causing highest mortality among children in the Philippines;38 
 Soil-transmitted helminth (STH) infections in more than 66% of the children;39  
 Dental infections, toothache and growth retardation related to the high 
prevalence of tooth decay in schoolchildren (Chapter 3, 4, 5 and 6). 
These diseases are so common amongst children that parents and teachers consider 
them to be almost normal and not requiring medical attention.3,38 An intended new 
school health programme launched by the DepEd was therefore not just a ‘technical’ 
task that could be made to happen through a simple declaration of policy, but needed 
strong coordination and advocacy to raise people’s awareness that such diseases 
could result in or contribute to a variety of debilitating conditions. These include 
malnutrition that can affect the physical and mental development of children, their 
quality of life and their ability to learn. They can also impact on school attendance and 
on academic performance.40 Through advocacy, administrators, teachers, school 
health workers and parents of schoolchildren were informed and mobilized to 
collaborate.  Using the public support and momentum created through the alarming 
results of the National Oral Health Survey 2006, which was further increased by the 
growing awareness of the need for handwashing and improved hygiene created 
through the H1N1 epidemic, the DepEd realised that a focus of school health activities 
on key hygiene related diseases would promise better results than the multitude of 
separate, vertical programmes that were previously part of the ministry’s activities. 
Furthermore, general hygiene is key for any improvements in health, access to clean 
water and appropriate sanitation have a large impact on the above-mentioned 
diseases. More than 40% of Philippine public elementary schools have no access to 
water at all on the school premises and functioning toilets are rare.41 Children are 
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therefore forced to practice so-called ‘open urination and defecation’ inside and 
outside the school grounds.  
Traditionally, school health programmes have tended to rely on cognitive teaching 
approaches, but the belief that increased knowledge on its own will lead to behaviour 
change has been questioned.23 The present school health programme uses the 
school as a platform to establish a healthy environment and facilitates behavioural 
activities as a daily routine unaccompanied by conscious reflections. This approach is 
based on the principles of the Ottawa Charter for Health Promotion42 that looks at 
health as being an integrated part of daily routine habits in a healthy environment.   
 
The Essential Health Care Programme 
The Essential Health Care Programme, an integrated school health programme, is 
being implemented (Chapter 7) to transform the school itself into a healthier place, 
taking into account key determinants of health. It is based on international policy 
recommendations, such as the UNESCO-led FRESH approach43 and is in line with 
national priority policies to address high impact and prevalent diseases of children in 
the Philippines, namely: soil transmitted helminth infections, diarrhoea, respiratory 
tract infections and tooth decay.   
As a consequence and through a clear prioritisation process, three simple and 
evidence-based health interventions44-51 were selected for broad-scale 
implementation in public elementary schools. These interventions were bundled into 
a template-based package to facilitate their implementation – the ‘Essential Health 
Care Programme (EHCP)’, which subsequently became known as the ‘Fit for School 
Programme’. Parents and local communities are involved in the construction of 
simple, low-cost washing facilities, the programme is implemented through the 
education sector by teachers, and the local governments finances the required 
programme supplies. The EHCP introduced preventive health and behaviour 
measures which aim at achieving sustainable healthy behaviour change. Instead of 
requiring health personnel to run the school health programme, children practice daily 
health activities organised and supervised by teachers. The programme is supporting 
a task shifting process for school health personnel from mass screening and 
treatment-oriented tasks to a focus on management of school health programmes, 
which includes advocacy and training of school administrators and local politicians to 
 18 
transform schools into healthier places. The rationale and content of this school 
health programme is detailed in Chapter 7.  
Following the successful introduction of the programme in the province of Misamis 
Oriental on the island of Mindanao in 2008, it was quickly recognised that the EHCP 
was a major step forward in regard to addressing child health problems. It was then 
decided to initiate research to evaluate the impact of the programme. Although the 
programme contains three components each of which have proven efficacy in 
controlled clinical trials, a large-scale community programme does not necessarily 
exert the claimed results on efficacy from other studies dealing with small-scale 
controlled clinical trials.  Chapter 8 describes the design of the evaluation and details 
typical aspects of the methodology related to large-scale community health 
programmes. It also presents some outcome results one year after the programme’s 
implementation.      
 
Epilogue 
This first chapter critically illustrates aspects of the neglect of dental caries in the 
Philippines. It is also an account of a personal learning process over the last ten 
years, starting as a volunteer with an oral health-centred and treatment-oriented 
approach, which finally evolved into that of improving children’s health status through 
the implementation of broad-scale school health programmes. The chapter also 
describes the search for appropriate scientific research which can be translated into 
effective public health action and how oral health can be integrated into a bigger 
general health context so that it receives better attention and prioritisation to 
overcome the general neglect.  
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Aim of the PhD research 
The primary aim of this PhD research was to seek practical and feasible solutions to 
improve oral health of the Filipino school children. 
Specific objectives were:  
1. To assess the caries preventive efficacy of a single application of 38% SDF in 
grade 1 school children who participated in a daily school-based toothbrushing 
programme (Chapter 2). 
2. To assess, with a new caries index, the prevalence of odontogenic infections 
as a consequence of untreated caries and to create awareness of this problem 
(Chapter 3).   
3. To assess the scale and severity of dental caries in Filipino school children 
(Chapter 4). 
4. To determine the difference between two methods of caries assessment on 
the caries status (Chapter 4).  
5. To measure the weight and height of school children and to assess a possible 
association between low BMI and severe caries against the background of 
demographic and socio-economic variables (Chapter 5). 
6. To assess the effects of extraction of severely decayed pulpally involved 
primary teeth on weight and height in underweight Filipino preschool children 
(Chapter 6). 
7. To initiate an intensive learning and advocacy process with all partners 
involved for the implementation of an integrated school health programme for 
Filipino elementary school children (Chapter 1, 3, 4, 5, 6 and 7). 
8. To implement an integrated school health programme in elementary schools in 
the Philippines for the improvement of the oral and general health status of 
Filipino children (Chapter 7). 
9. To discuss the limitations of the randomized controlled trial research method 
on the evaluation of large-scale community trials and to assess health 
outcomes after one year of implementation of the Fit for School programme 
(Chapter 8). 
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Abstract            
Background: Occlusal surfaces of erupting and newly erupted permanent molars are 
particularly susceptible to caries. The objective of this study was to assess and 
compare the effect of a single application of 38% SDF with ART sealants and no 
treatment in preventing dentinal (D3) caries lesions on occlusal surfaces of 
permanent first molars of school children who participated in a daily school-based 
toothbrushing programme with fluoride toothpaste. 
Methods: The prospective community clinical trial in the Philippines was conducted 
over a period of 18 months and included 704 6- to 8-year-old school children in eight 
public elementary schools with a daily school-based fluoride toothpaste brushing 
program. Children were randomly assigned for SDF application or ART sealant 
treatment. Children from two of the eight schools did not receive SDF or ART sealant 
treatment and served as controls. SDF or ART sealant treatment was applied on 
sound occlusal surfaces of permanent first molars. Surfaces that were originally 
defined as sound at baseline but which changed to dentinal (D3) caries lesions were 
defined as surfaces with new caries (caries increment). Non-compliance to the daily 
toothbrushing program in three schools offered the opportunity to analyze the caries 
preventive effect of SDF and sealants separately in fluoride toothpaste brushing and 
in non-toothbrushing children.                       
Results: In the brushing group, caries increment in the SDF treatment group was 
comparable with the non-treatment group but caries increment in the sealant group 
was lower than in the non-treatment group with a statistically significant lower hazard 
ratio of 0.12 (0.02-0.61). In the non-brushing group, caries increment in the SDF 
treatment group and the sealant group was lower than the non-treatment group but 
the hazard ratio was only statistically significant for the sealant group (HR 0.33; 0.20-
0.54). Caries increment was lower in brushing children than in non-brushing children. 
Hazard ratios reached statistical significance for the non-treated children (HR 0.43; 
0.21-0.87) and the sealant-treated children (HR 0.15; 0.03-0.72).     
Conclusions: A one-time application of 38% SDF on the occlusal surfaces of 
permanent first molars of 6- to 8-year-old children is not an effective method to 
prevent dentinal (D3) caries lesions. ART sealants significantly reduced the onset of 
caries over a period of 18 months. 
Trial registration number: German Clinical Trial Register DRKS00003427
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Background  
Dental caries is a global pandemic.1,2  Treatment of caries in children is virtually non-
existent in a number of low- and middle-income countries and, in children under six 
years of age, it is limited even in many high-income countries.3 The situation in the 
Philippines, a low-middle-income country, is no different.  
According to the 2006 Philippine National Oral Health Survey, 97% of the 6-year-old 
children and 82% of the 12-year-olds suffer from dental caries and the few 
restorations observed indicate that restorative treatment is rather rare.4 In both age 
groups just over 40% of existing caries lesions have progressed to odontogenic 
infections.5 Furthermore, 20% of 6-year-olds and 16% of 12-year-olds reported 
having pain in their mouth at the time of being questioned.4 According to the 
Department of Education, the principal reason for absenteeism from school in the 
Philippines is toothache.6 Dental caries in children appears to be the most prevalent 
childhood disease in the Philippines followed by soil-transmitted helminthiasis.7 
Moreover, the presence of odontogenic infections in 12-year-olds appears to be 
associated with a low body mass index (BMI) and this association might represent a 
significant yet largely neglected determinant of poor child development.8  
The dramatic decline in caries over the past three decades, seen in many high-
income countries, is largely attributed to the widespread use of fluoride toothpaste, in 
spite of continued consumption of high levels of sugar.9,10 There are no mass 
fluoridation schemes in the Philippines and the high caries experience in Filipino 
children suggests that the use of fluoride toothpastes with anti-caries efficacy is 
minimal, although no reliable data exist. This emphasizes the urgent need for 
appropriate exposure to fluoride in the country, which should be an essential 
component of any preventive oral health care program.11-14 The Global Consultation 
on Oral Health through Fluoride12, which was jointly convened by the World Health 
Organization (WHO), the FDI World Dental Federation (FDI) and the International 
Association for Dental Research (IADR) in November 2006 in Geneva stated that 
“prevention by using fluoride is the only realistic way of reducing this burden (of 
dental caries) in populations”. In addition, the WHO, in 2007, at the 60th World Health 
Assembly13 urged governments “to promote oral health in schools, aiming at 
developing healthy lifestyles and self-care practices in children” while the declaration 
of the Beijing conference in 200714 which was jointly convened by the WHO, the FDI, 
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the IADR and the Chinese Stomatological Association (CSA) stated that “fluoride 
toothpaste remains the most widespread and significant form of fluoride used globally 
and the most rigorously evaluated vehicle for fluoride use”. 
In 2004, several years before these international recommendations were proclaimed, 
a pilot project was initiated in the Philippines consisting of daily school-based 
toothbrushing with fluoride toothpaste for the children of eight elementary public 
schools in Cagayan de Oro (Mindanao) and Manila. 
It was anticipated that daily school-based toothbrushing with fluoride toothpaste, 
starting in grade 1 schoolchildren, would impact on the caries levels of the permanent 
dentition.15 It was also hoped that a single application of 38% silver diammine fluoride 
(SDF) would provide additional caries preventive effect over and above that provided 
by the regular use of fluoride toothpaste. Any additional caries preventive effect 
would be particularly useful to tide over periods of high caries susceptibility e.g. 
during the period of eruption of first permanent molars.16 Even though the literature 
indicates that any fluoride application over a period of 2–3 years, be it a varnish, a 
fluoride gel or fluoride rinse results only in a modest additional caries preventive 
effect of about 10% when used together with daily toothbrushing with fluoride 
toothpaste17, but SDF applications were not included in this systematic review. One 
study has shown promising results with SDF on caries prevention18, while a 
systematic review concluded that SDF was more effective than fluoride varnish in 
preventing caries.19 The rationale for the selection of 38% SDF as an additional 
preventive measure was its ease and speed of application, its low cost, and its 
potentially high caries-preventive and caries-arresting effect.18,19 Moreover, this 
intervention was also selected in the perspective of being a feasible component in a 
national school based health program. A single application of SDF was chosen 
because repeated applications were unlikely to be feasible in the resource-limited 
setting of the Philippines. 
Another, potentially more costly and more time consuming approach, is the provision 
of sealants. Studies have shown the effectiveness of sealants to prevent occlusal 
caries, and in the Philippine school setting, where dental facilities are not available, 
ART glass-ionomer cement sealants applied with the finger-press technique were 
considered the most appropriate sealant method.20 These sealants placed on 
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occlusal surfaces of permanent first molars of first graders were considered a positive 
control for the single 38% SDF application. 
The aim of the present study therefore was to assess and compare the effect of a 
single application of 38% SDF with ART sealants and no treatment in preventing 
dentinal (D3) caries lesions on occlusal surfaces of permanent first molars of first 
graders of the eight public elementary schools that participated in a daily school-
based toothbrushing program with fluoride toothpaste. 
Methods 
This study, which started in 2004, was a community clinical trial on a cohort of first 
graders of eight public elementary schools to evaluate the effect of treatment under 
prevailing contextual factors of low-income countries. 
Study population: Six public elementary schools were selected in Cagayan de Oro 
and two in Manila, in the Philippines. All eight schools were involved in an on-going 
oral health care program that included daily school-based toothbrushing with fluoride 
toothpaste (1450 ppm F) that had been implemented in the months immediately 
preceding the start of this study. All first graders (n=1155) were examined. Inclusion 
criteria for the study were children of six to eight years of age in grade one who had 
at least one erupted permanent first molar with a sound occlusal surface. “Sound“ 
included clinically sound and all stages of enamel caries up to but not including 
visible dentinal (D3) caries lesions. Of the excluded children, 74 (6.4%) were nine 
years or older and 65 (5.6%) children did not meet the inclusion criterion of having at 
least one erupted permanent molar with a sound occlusal surface (Figure 1). All 
excluded first graders (n=139) received SDF treatment on decayed surfaces of the 
permanent dentition. Tooth extraction was offered to all first graders in cases where 
the caries lesion had progressed into the pulp. One of the two schools in Manila and 
one of the 6 schools in Cagayan de Oro were appointed by lottery as control schools 
(no treatment). In the remaining six schools all first graders meeting the inclusion 
criteria received treatment. Children with a consecutive odd number on the class 
register received a SDF application and those with a consecutive even number ART 
sealants on sound occlusal surfaces of their permanent first molars. 
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Figure 1. Flow chart of the study including participating schools, groups and students (M1 
and M2 represent schools in Manila, C1 to C6 represent schools in Cagayan de Oro) 
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Children assigned for SDF treatment also received an SDF application on decayed 
surfaces of the permanent dentition while children assigned for ART sealants 
received ART restorations on decayed (D3) surfaces of the permanent dentition. 
Signed informed consent was obtained from the parents of all the first graders of the 
selected schools. The ethics commission of Xavier University, Cagayan de Oro, 
Philippines, approved the study protocol. 
Based on an assumed 10% reduction in caries increment in the treated group as 
compared to the non-treatment group, a statistical power of 80%, a p-value of 0.05 
and an anticipated drop out of 35%, with 1016 included children a necessary sample 
size of at least 200 children per group was possible (Table 1).  
Table 1. Baseline caries experience on occlusal surfaces of permanent first molars per study 
group (n=1016) 
All 8 schools 
Children N Age (sd) Surfaces N % 
  Total Missing Sound D3 caries 
Non-treated 427 6.7 (0.7) 1708 181 10.6% 1257 73.6% 270 15.8% 
SDF treated 288 6.7 (0.7) 1152 142 12.3% 881 76.5% 129 11.2% 
Sealants 301 6.7 (0.7) 1204 110 9.1% 951 79.0% 143 11.9% 
Total 1016 6.7 (0.7) 4064 433 10.7% 3089 76.0% 542 13.3% 
 
Examination: The examinations were performed outside in the schoolyard with 
sunlight as a direct light source. The children were placed in a supine position on a 
long classroom bench, with their heads on a pillow on the lap of the examiner, who 
sat behind them. Teeth were examined after drying with cotton rolls and the occlusal 
surface of the permanent first molars were additionally dried with cotton pellets. A 
CPI ball end-probe and mouth mirror were used as examination tools and caries was 
scored according to procedures described by WHO.21 Sound was scored except 
when: 1) the CPI probe could enter a caries cavity indicating a dentinal (D3) caries 
lesion or 2) if the probe could not enter a small discontinuity in the enamel but a 
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greyish appearance of the enamel was seen as a sign of undermined caries 
indicating a dentinal (D3) caries lesion. 
Calibration of examiners: Children were examined at baseline and followed up by 
eight calibrated examiners. A WHO consultant undertook training and calibration of 
examiners over a three-day period at one local school that was not involved in the 
study. Intra-examiner reproducibility was assessed on 10% of the children during the 
baseline and the follow-up examination. 
Treatment regimens: SDF treatment was provided by school nurses who had 
received a one-day training in the technique and who worked under the supervision 
of a dentist. Sealants were placed by dentists of the Department of Education who 
had received training in the provision of ART glass-ionomer cement sealants by the 
supplier of the material. All treatment was provided with chairside assistance. Prior to 
treatment a school nurse brushed all permanent first molars without toothpaste. 
School children in the SDF group received one application of 38% SDF solution 
(Saforide, Bee Brand Medical, Japan) on sound occlusal surfaces of all erupted 
permanent first molars (“sound” as defined previously). Molars were isolated with 
cotton rolls. Cotton pellets were then used to dry the occlusal surface. SDF was 
applied on the occlusal surface by rubbing for 1 minute with a Vivabrush (Ivoclar 
Vivadent GmbH, Liechtenstein). Next, tannic acid (strong black tea) was applied to 
precipitate the SDF.22 Excess was removed with a dry cotton pellet. Thereafter, a 
layer of Vaseline was applied to protect the SDF from saliva. Children were asked not 
to eat for one hour after treatment. 
Children in the sealant group received ART glass-ionomer cement sealants on sound 
occlusal surfaces of all erupted permanent first molars. The treatment was provided 
according to the ART sealant application procedure.23 A high-viscosity material 
(Ketac Molar Easymix, 3M ESPE, Germany) was used strictly according to the 
manufacturer’s instructions. 
Change in the study design due to non-compliance to the daily school-based 
toothbrushing program with fluoride toothpaste: During regular monitoring visits to the 
schools, following the implementation of the daily school-based toothbrushing with 
fluoride toothpaste program, within a month it became apparent that one school in 
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Cagayan de Oro and two schools in Manila were not complying with the program. 
Since the study was already in progress, it was decided to maintain these three 
schools in the research program for evaluation at 18 months. The analysis of 18-
month data on the effect of SDF and ART sealants was therefore divided into school 
children with daily school brushing with fluoride toothpaste and those without. The 
children in the non-compliant schools continued to receive a yearly distribution of one 
toothbrush and one sachet of fluoride toothpaste and a lecture on oral health as is 
routinely provided to all school children in the Philippines. 
Blinding of the examiners: The eight examiners undertaking the evaluation were not 
involved in the treatment. They were informed about the presence of teeth with an 
ART sealant or ART restoration since they are often clinically indistinguishable. They 
were however blinded as to whether subjects had received SDF treatment or not, or 
whether the school was compliant with the daily toothbrushing program with fluoride 
toothpaste. 
The evaluation was carried out after 18 months using the same examination setting, 
criteria, tools and examiners. 
Statistical analysis: The data were analyzed with SAS 9.1 software. Intra-examiner 
reproducibility at tooth level at baseline and at follow-up examinations was calculated 
with Kappa statistics. The baseline data regarding percentages between the different 
groups were analyzed with chi-square tests. For the analysis on the development of 
new dentinal (D3) caries lesions (caries increment) on sound occlusal surfaces of first 
permanent molars, a Cox proportional hazard model was applied24 taking into 
account frailties correction for the child as a unit of analysis.25 
Results 
Unweighted intra-examiner mean Kappa at baseline examination for caries was 0.90 
and varied between 0.86 and 0.97 while the intra-examiner mean Kappa at follow-up 
examination was 0.93 (0.91-0.96).                     
The flow chart (Figure 1) shows the number of children at baseline (n=1016) that met 
the inclusion criteria. None of the children had restorations in their permanent first 
molars. The chart also presents the number of children in the SDF, sealant and non-
treatment group and the subsequent sub-division of these children into brushing and 
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non-brushing groups. Finally the number of dropouts is presented of the six different 
groups and the number of children available (n=704) for the 18-months evaluation. 
Table 1 presents the number of children at baseline (n=1016), the age, the number 
and percentage of missing molars (unerupted) and sound occlusal surfaces and 
decayed (D3) occlusal surfaces according to study group. The only statistical 
significance between the three groups was seen in the non-treatment group that had 
a higher percentage of D3 occlusal surfaces (Chi square, p value <0.02). The 
baseline data for the dropouts (Table 2) did not differ in statistically significant ways 
from those who entered the study at baseline (Table 1).  
Table 2. Baseline caries experience on occlusal surfaces of permanent first molars of 
children lost to follow up per study group (n=312) 
Brushing 
Children N Age (sd) Surfaces N % 
  Total Missing Sound D3 caries 
Non-treated  36 6.6 (0.7) 144 23 16.0% 102 70.8% 19 13.2% 
SDF treated  34 6.7 (0.8) 136 14 10.3% 103 75.7% 19 14.0% 
Sealants      19 6.8 (0.9) 76 4 5.3% 60 79.0% 12 15.8% 
Total            89         6.7 (0.8) 356 41 11.5% 265 74.4% 50 14.0% 
Non-brushing 
Non-treated 162 6.8 (0.7) 648 52 8.0% 484 74.7% 112 17.3% 
SDF treated  24 6.8 (0.7) 96 10 10.4% 72 75.0% 14 14.6% 
Sealants      37 6.8 (0.7) 148 10 6.8% 123 83.1% 15 10.1% 
Total          233 6.8 (0.7) 892 72 8.1% 679 76.1% 141 15.8% 
 
Table 3 presents the baseline data of children remaining in the study (n=704). The 
caries level at baseline of children in the non-treatment group was higher than those 
in the SDF or ART sealant group, but the difference only reached statistical 
significance in the toothbrushing group (Chi square, p<0.02).                      
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Table 3. Baseline caries experience on occlusal surfaces of permanent first molars of 
children per group who participated in the 18 months evaluation (n=704) 
Brushing 
Children N Age (sd) Surfaces N % 
 Total Missing Sound D3 caries 
Non-treated  45 6.8 (0.6) 180 24 13.3% 127 70.6% 29 16.1% 
SDF treated  91 6.7 (0.7) 364 43 11.8% 288 79.1% 33 9.1% 
Sealants       90 6.7 (0.6) 360 23 6.4% 301 83.6% 36 10.0% 
Total           226 6.7 (07) 904 90 10.0% 716 79.2% 98 10.8% 
Non-brushing 
Non-treated 184 6.6 (0.6) 736 82 11.1% 544 73.9% 110 14.9% 
SDF treated 139 6.7 (0.6) 556 75 13.5% 418 75.2% 63 11.3% 
Sealants      155 6.7 (0.6) 620 73 11.8% 467 75.3% 80 12.9% 
Total            478 6.7 (0.6) 1912 230 12.0% 1429 74.7% 253 13.3% 
 
Surfaces that were originally defined as sound at baseline but which changed to 
dentinal (D3) caries lesions actually indicated the caries increment since no 
restorations were found on these surfaces. Table 4 depicts the caries increment of 
the six different groups at the 18-months evaluation. In the toothbrushing group, 
caries increment for those who received SDF treatment was comparable to the non-
treatment group but caries increment in the sealant group was substantially lower 
than in the non-treatment group with a statistically significant lower hazard ratio of 
0.12 (0.02-0.61) (Table 5). In the non-brushing group, caries increment in the SDF 
treatment group and the sealant group was lower than the non-treatment group but 
the hazard ratio was only statistically significant for the sealant group (HR 0.33; 0.20-
0.54). Caries increment was lower in toothbrushing children than in non-
toothbrushing children. Hazard ratios reached statistical significance for the non-
treated children (HR 0.43; 0.21-0.87) and the sealant-treated children (HR 0.15; 0.03-
0.72).                           
The retention rate after 18 months was 58% for complete and partially retained 
sealants and 42% for those that were totally missing. Retention rates differed 
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between the toothbrushing and non-toothbrushing group but not statistically 
significantly. 
Table 4. Number of sound surfaces, number of surfaces with new dentinal caries (D3) lesions 
and caries increment after 18 months according to group 
 Brushing Non-brushing 
 Non-
treated  
n =127 
SDF treated  
n =288 
Sealants  
n = 301 
Non-
treated  
n =544 
SDF treated  
n = 418 
Sealants  
n = 467 
 
Sound (n) 
 
117 
 
262 
 
298 
 
453 
 
366 
 
438 
New dentinal (D3) 
caries (n) 
  10   26    3   91   52   29 
Caries increment 0.08 0.09 0.01 0.17 0.12 0.06 
 
Discussion 
Practical considerations and unforeseen events that took place during the study 
meant that this study had several methodological limitations that unfortunately lower 
the level of evidence of the findings. Studies in developing countries have to deal with 
the prevailing realities where methodological considerations often have to succumb 
to political and resource demands. For instance, the selection of participating 
schools, six in Cagayan de Oro and two in Manila were from a methodological point 
of view less than optimal. However, this resulted from an insistence of the Central 
Office of the Department of Education (DepEd) that the study be undertaken not only 
in the city of Cagayan de Oro but also in the capital city of Manila. The distances 
incurred between the study locations therefore obliged a greater number of 
examiners than would be ideal. For this reason it was not practical to undertake inter-
examiner’s reproducibility in any meaningful way. Another methodological problem 
was the assignment of non-treatment (control) children. The intention was to 
randomize the first graders of the eight schools into those who received treatment 
and those who received no treatment. Since the treatment was provided on the 
school premises, the principals and local educational officers did not authorize a 
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design where certain children in the same school would serve as non-treatment 
controls. Separate schools therefore had to be used for the non-treatment controls. 
Table 5. Hazard ratios (95% CI) and p-values between treatment and non-treatment in 
brushing and non-brushing schools and between brushing and non-brushing schools 
Groups comparison (n=surfaces) HR (95% CI) and p-value 
Brushing schools    
SDF treated (n=288) versus non-treated (n=127) 1.16 (0.51-2.63)  p=0.72 
Sealants (n=301) versus non-treated (n=127) 0.12 (0.02-0.61)  p<0.01 
Non-brushing schools    
SDF treated (n=418) versus non-treated (n=544) 0.71 (0.45-1.11)  p=0.12 
Sealants (n=467) versus non-treated(n=544) 0.33 (0.20-0.54)  p<0.001 
Brushing versus non-brushing  
Non-treated brushing  
(n=127) 
versus non-treated non-brushing  
(n=544) 
0.43 (0.21-0.87)  p<0.02 
SDF treated brushing  
(n=288) 
versus SDF treated non-brushing  
(n=418) 
0.70 (0.38-1.27)  p=0.23 
Sealants brushing  
(n=298) 
versus sealants non-brushing  
(n=438) 
0.15 (0.03-0.72)  p<0.02 
 
Randomized controlled study designs have become the ‘gold standard’ in research.26 
However, it has been argued that the application of such high quality study design is 
often logistically impossible and unaffordable owing to limited recourses.27 
Researchers are often confronted with such difficulties when conducting community-
based research in countries with limited resources. Nevertheless, we believe that 
conducting clinical research in countries where oral health problems are high is 
essential since it is not always appropriate or relevant to transfer study findings from 
developed countries to developing countries. It has been questioned if randomized 
controlled trials conducted under optimal conditions are able to address questions of 
effectiveness and efficiency of clinical interventions in health care systems 
adequately27, because of the problems of applicability and transferability from 
controlled trial conditions to real-life conditions in communities.                    
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The current study of 18 months duration, although with limitations, has already shown 
important findings. It would, however, be unwise to speculate on the longer-term 
results from the different groups.             
The affluent upper and middle class in the Philippines educate their children in 
private schools. The remaining Filipino child population (about 90%) attend public 
elementary schools because their parents cannot afford the school fees of private 
schools. Differences in oral health of these children between rural and urban areas 
are not apparent and all tend to have comparable socio-economic backgrounds.4 
Nevertheless, differences in caries levels were seen at baseline between groups. The 
existing bias at baseline was, however, to a certain extent bypassed by analyzing 
caries increment over the 18-months period.                          
The high mobility of people in the Philippines and frequent school absenteeism due 
to illness result in large dropout rates of children in elementary schools. The loss to 
follow-up rate in this study was in line with the official dropout rates in rural Mindanao, 
which are known to be the highest between grade one and grade two. This has to be 
taken into account when clinical research is planned.          
The unforeseen lack of compliance with daily school toothbrushing in three of the 
study schools is an example of the difficulties encountered in such studies, but it 
allowed for the opportunity to conduct a further evaluation on the background effect 
of lack of brushing with fluoride toothpaste on the applied treatment regimes. The 
consequence of dividing the whole sample impacts negatively on the power of this 
study and unfortunately limits the interpretation of data.             
A two-year school-based daily fluoride toothpaste brushing program in 5-year-old 
school children in Scotland with high caries risk showed a 56% reduction in caries 
increment of the permanent first molars.28 In Indonesia, a three-year school-based 
toothbrushing program with fluoride toothpaste in elementary schools resulted in up 
to a 40% reduction in caries.29 The hazard ratio of 0.43 (CI; 0.21-0.87) for new caries 
development in the brushing groups with fluoride toothpaste is therefore consistent 
with results achieved from other school-based toothbrushing programs with fluoride 
toothpaste in deprived communities.                        
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The sealants that were applied in the present study could be considered as both 
preventive sealants (on surfaces clinically free of caries) and therapeutic sealants on 
surfaces with all stages of enamel caries lesions up to but not including visible 
dentinal caries. Unfortunately, despite attempts to do so, it was impossible to 
distinguish between sound and the different stages of enamel caries lesions that 
precede dentinal caries in the present study since these stages of caries could not 
reliably be diagnosed in the described field setting in the absence of compressed air, 
suction and proper lighting.                            
The retention rates of ART sealants in this study were moderate. Other studies have 
reported retention rates of high viscosity GIC sealants that vary considerably.30-33 
This variance may be explained by the clinical conditions (field setting) under which 
sealants are placed, the teeth selected for sealing, operator factors and inadequate 
training.                            
This study assessed the effect of SDF on preventing dentinal caries lesions but it was 
not designed to determine the degree of arrested caries that has been reported in 
other controlled clinical trials.18,22 Only one controlled clinical trial in Cuba on 38% 
SDF application for the prevention of new caries (D3) on occlusal surfaces of 
permanent first molars has been published.18 After three years of biannual application 
of SDF, a significant caries reduction of 64% was reported, but the results are difficult 
to interpret, since most of the occlusal surfaces in the control group had received 
restorations. The present study is the first clinical trial that assesses the caries 
preventive efficacy of SDF application in children who brushed daily at school with 
fluoride toothpaste and is the second study after that of Yee et al.,22 that evaluates 
the effect of a single application of 38% SDF. In common with this last study, tannic 
acid was used as an inexpensive reducing agent after SDF application to accelerate 
the deposition of silver phosphate.34 Recently, it has been shown that this extra step 
might not be necessary, since tannic acid did not appear to have any additional 
effect.22 The present study showed no additional caries preventive effect, 18 months 
after a single application of 38% SDF on permanent first molars of 6- to 8-year-old 
children who brushed their teeth daily at school with fluoride toothpaste. It is also 
questionable whether SDF has any efficacy in preventing new caries in children who 
are not under a toothbrushing with fluoride toothpaste regime. The present finding 
urges more research on the efficacy of SDF on the onset of new caries. 
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Conclusion 
In this field study, conducted in Filipino elementary schools, a one-time application of 
38% SDF on the occlusal surfaces of permanent first molars of 6- to 8-year-old 
children was not an effective method to prevent the onset of new dentinal (D3) caries 
lesions in children. ART sealants significantly reduced the onset of new dentinal (D3) 
caries lesions over a period of 18 months. 
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Abstract  
Rationale: Dental caries is a global public health problem, especially in children. Most 
caries in developing countries remains untreated. Only limited data are available on 
the clinical consequences of untreated dental caries because there is no measure to 
quantify the prevalence and severity of oral conditions resulting from untreated dental 
caries.  
Objectives: To present a new index to evaluate the prevalence and severity of oral 
conditions resulting from untreated dental caries. To validate the index within the 
Philippines National Oral Health Survey, 2006.  
Methods: The PUFA index records the presence of severely decayed teeth with 
visible pulpal involvement (P/p), ulceration caused by dislocated tooth fragments 
(U/u), ﬁstula (F/f) and abscess (A /a).  
Results: Good kappa values show the reliability of the index. The prevalence of 
PUFA/pufa >0 was 85% and 56% for 6- and 12-year-olds, respectively. The mean 
number of teeth affected (PUFA/pufa) was 3.5 and 1.2 for 6- and 12-year-olds, 
respectively. In 6- and 12-year-olds, 40% and 41% of decayed teeth had progressed 
to odontogenic infections.  
Conclusion: The PUFA index complements classical caries indices with relevant 
information for epidemiologists and health care planners.  
 
Introduction 
Despite improvements in oral health in high-income countries during the last 
decades1 dental caries is still a major global public health problem. Treatment of 
caries in young children is virtually nonexistent in low-and middle-income countries2 
and remains limited even in high-income countries such as the United States, Saudi 
Arabia, and the United Kingdom. 3-5   
The burden of untreated caries in children has been documented in several studies.6-
8 The consequences of untreated caries often present as dental emergencies in 
children’s hospitals.9 Moreover, in British Columbia, Canada, infectious complications 
from untreated caries are the most common reason for hospitalization of children.10 
Research suggests that untreated caries can have an effect on children's growth and 
their general health.11-13   
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For the last 70 years, data on caries have been collected worldwide using the 
DMFT/dmft index.14 This classical index provides information on caries and 
restorative and surgical treatment but fails to provide information on the clinical 
consequences of untreated dental caries, such as pulpal involvement and dental 
abscess, which may be more serious than the caries lesions themselves.  
A deep caries cavity with pulpal involvement is usually considered under the code 
‘caries of dentin’15,16 and pulpal involvement is not mentioned at all in the caries 
scoring system in the latest edition of Oral Health Surveys – Basic methods WHO.17 
Some limited information might be obtained on the severity of advanced caries 
lesions by the scoring of ‘teeth indicated for extraction’ under treatment needs17 but 
this code does not give the precise reason for extraction. For example, ‘indicated for 
extraction’ could be for reasons other than the consequences of untreated dental 
caries, e.g. as a sequel to trauma, for orthodontic or cosmetic reasons, or in 
preparation for a prosthesis. Moreover, ‘treatment needs’ for extraction are rarely 
reported in the literature and the consequences of untreated dental caries are hardly 
ever mentioned.  
In 2007, the WHO World Health Assembly recognized the growing burden of oral 
diseases worldwide and emphasized the need to scale up action based on 
comprehensive data collection systems.18 In view of the global epidemic of untreated 
caries in children there is an urgent need to establish a scoring system that both 
assesses and quantiﬁes various advanced stages of caries. The lack of a generally 
accepted and applied measurement tool means that only very limited data on a 
population level are available on the prevalence of caries with pulpal involvement or 
dental sepsis. Furthermore, the available data are not readily comparable due to the 
different scoring systems used.19,20   
The objective of this study was to develop a new index to assess the prevalence and 
severity of oral conditions related to untreated caries. A second objective was to 
validate the index and to use the new index in assessing the prevalence and severity 
of oral conditions related to untreated caries in a national oral health survey in the 
Philippines.  
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Materials and methods  
The PUFA index  
PUFA is an index used to assess the presence of oral conditions resulting from 
untreated caries. The index is recorded separately from the DMFT/dmft and scores 
the presence of either a visible pulp, ulceration of the oral mucosa due to root frag-
ments, a ﬁstula or an abscess. Lesions in the surrounding tissues that are not related 
to a tooth with visible pulpal involvement as a result of caries are not recorded. The 
assessment is made visually without the use of an instrument. Only one score is 
assigned per tooth. In case of doubt concerning the extent of odontogenic infection, 
the basic score (P/p for pulp involvement) is given. If the primary tooth and its 
permanent successor tooth are present and both present stages of odontogenic 
infection, both teeth will be scored. Uppercase letters are used for the permanent 
dentition and lowercase letters used for the primary dentition. The codes and criteria 
for PUFA index are as follows:  
P/p: Pulpal involvement is recorded when the opening of the pulp chamber is visible 
or when the coronal tooth structures have been destroyed by the carious process and 
only roots or root fragments are left. No probing is performed to diagnose pulpal 
involvement (Fig. 1a, b, photo 1 and 2).  
U/u: Ulceration due to trauma from sharp pieces of tooth is recorded when sharp 
edges of a dislocated tooth with pulpal involvement or root fragments have caused 
traumatic ulceration of the surrounding soft tissues, e.g., tongue or buccal mucosa 
(Fig. 1c, d, photo 3 and 4).  
F/f: Fistula is scored when a pus releasing sinus tract related to a tooth with pulpal 
involvement is present (Fig. 1e, f, photo 5 and 6).  
A/a: Abscess is scored when a pus containing swelling related to a tooth with pulpal 
involvement is present (Fig. 1g, h, photo 7 and 8).  
The PUFA/pufa score per person is calculated in the same cumulative way as for the 
DMFT/dmft and represents the number of teeth that meet the PUFA/pufa diagnostic 
criteria. The PUFA for permanent teeth and pufa for primary teeth are reported 
separately. Thus, for an individual person the score can range from 0 to 20 pufa for 
the primary dentition and from 0 to 32 PUFA for the permanent dentition. The 
prevalence of PUFA/pufa is calculated as percentage of the population with a PUFA 
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/pufa score of one or more. The PUFA/pufa experience for a population is computed 
as a mean ﬁgure and can therefore have decimal values. The ‘Untreated Caries, 
PUFA Ratio’ is calculated as  
PUFA+pufa 
* 100 
D+d 
 
 
Fig. 1. (a and b) Pulpal 
involvement (P/p), opening of 
pulp chamber is visible or 
coronal tooth structures are 
destroyed by caries; (c and d) 
Ulceration (U/u), traumatic 
ulceration in the soft tissues 
(tongue and mucosa), caused 
by tooth or root fragments; (e 
and f) Fistula (F/f), a sinus 
tract releasing pus originating 
from an abscess and opening 
into the oral cavity; (g and h) 
Abscess (A/a), dento-alveolar 
abscess.  
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Reproducibility of the PUFA/pufa index:  
To assess the reproducibility of the PUFA/pufa index three examiners were trained in 
its use. Fifty, 6-year-old children and 49, 12-year-old children were examined for 
PUFA/pufa and the reproducibility assessed by the kappa statistic.  
Use of the PUFA/pufa index in the National Oral Health Survey of the Philippines  
The Philippines National Oral Health Survey (NOHS) was conducted from November 
2005 to February 2006 under the authority of the Department of Education.21 In each 
of the 17 regions of the Philippines, two rural and two urban public elementary 
schools were randomly selected among schools which were easily assessable and in 
secure areas. In each school about 30, 6-year-old children and 30, 12-year-old 
children were randomly selected. All children brushed their teeth prior to examination. 
Oral examinations were performed in the open air in the school playground with 
children lying in the supine position. A CPI ball-end probe and a lighted mouth mirror 
(MIRRORLIGHT, Kudos, Hong Kong) were used as examination tools to score caries 
according to procedures described by WHO.17 Initial caries lesions were not scored. 
Teeth presenting with early stages of cavitation, but where the ball-end probe could 
not enter were not scored as caries. The criteria for the PUFA/pufa index were 
applied without the use of instruments.  
To ensure consistent clinical judgment, all 10 examiners involved in the study 
underwent five days of theoretical and clinical training in caries and PUFA/pufa 
diagnosis. Laminated pictures were used as a reference for PUFA/pufa scoring. 
Throughout the survey each examiner re-examined 7.5% of the children and 
reproducibility was assessed with kappa statistics. 
 
Results  
Reproducibility of the PUFA/pufa assessment  
Inter-examiner reproducibility of PUFA/pufa on 99 children prior to the NOHS had an 
overall kappa value of 0.85. Throughout the national oral health survey, intra-
examiner reproducibility varied between kappa values of 0.80–0.98 for scoring 
DMFT/dmft and 0.80–0.97 for PUFA/pufa for both age groups.  
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Use of the PUFA/pufa index in the National Oral Health Survey of the Philippines  
In the 6-year-old group, 2030 children with a mean age of 6.6 years were examined. 
The overall caries prevalence was 97%, while 85% of 6-year olds present at least 
one tooth with pulp involvement (Table 1).  
 
Table 1. Prevalence of caries (%) and prevalence (%) of PUFA ⁄pufa of 6- and 12-year-old 
Filipino children  
 6-year olds  12-year olds  
 (n = 2030)  (n = 2022)  
Prevalence dmft > 0  97 15 
Prevalence DMFT > 0  36 78 
Overall caries prevalence  97 82 
Prevalence of a pufa  84 12 
Prevalence of a PUFA  8 50 
Overall prevalence of PUFA /pufa 85 56 
Prevalence of FA /fa  18 9 
 
Caries experience in the primary dentition was 8.4 dmft, with 8.0 on the d-component 
and 0.4 on m component, no teeth were ﬁlled. The permanent dentition presented 0.7 
DMFT, purely concentrated on the D component and almost all decay occurring in 
the ﬁrst molar (Table 2). The pufa index for the primary dentition was 3.4, and the 
PUFA index for the permanent dentition was 0.1 (Table 2). The ‘Untreated Caries 
PUFA Ratio’ was 40%, indicating that 40% of the D+d component had progressed to 
an odontogenic infection. The main component of PUFA/pufa was pulpal involvement 
(Table 2). 
In the 12-year-old group, 2022 children with a mean age of 11.8 years were 
examined. The overall caries prevalence was 82% and the overall prevalence of 
PUFA/pufa was 56% (Table 1). In the 12-year-old children, caries experience was 0.2 
dmft and 2.9 DMFT (Table 2), with a D component of 2.7 and a M component of 0.2. 
No ﬁllings were present. The mean pufa index of the remaining primary dentition was 
0.2 and the PUFA index of the permanent dentition was 1.0 (Table 2).  
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Table 2. Mean caries experience (SD) and mean PUFA/pufa experience (SD) of 6- and 12-
year-old Filipino children 
 6-year-olds  12-year-olds 
 (n = 2030)  (n = 2022) 
Mean dmft  8.4 (4.2)  0.2 (0.6)  
Mean pufa  3.4 (2.6)  0.2 (0.6)  
Mean DMFT  0.7 (1.1)  2.9 (2.9)  
Mean PUFA  0.1 (0.5)  1.0 (1.3)  
Mean p*  2.9 (2.4)  0.2 (0.6)  
Mean u  0.3 (1.0)  0.0 (0.2)  
Mean f  0.1 (0.4)  0.0 (0.1)  
Mean a  0.1 (0.3)  0.0 (0.0)  
Mean P* 0.1 (1.0)  0.8 (1.2)  
Mean U  0.0 (0.1)  0.1 (0.3)  
Mean F  0.0 (0.0)  0.1 (0.3)  
Mean A  0.0 (0.1)  0.1 (0.2)  
* Note: The mean P/p does not include teeth scored with U/u, F/f and A/a.  
 
The ‘Untreated Caries - PUFA Ratio’ was 41% indicating that 41% of the D + d 
component had progressed mainly to pulpal involvement.  
 
Discussion  
During the last decade, international caries epidemiology has focused on the 
development of more sensitive diagnostic criteria to allow for assessment of the initial 
stages of caries.22,23 This is considered important in the light of the decline of 
cavitated caries lesions in high-income countries where non-operative and preventive 
interventions require an index that distinguishes between the different stages of initial 
caries lesions.24 However, in low-and middle-income countries, as well as deprived 
communities within high-income countries, where people have little access even to 
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the most basic forms of care there is a need for a diagnostic index that addresses the 
advanced stages of untreated caries lesions.  
The way caries data are presented has a considerable impact on how it is interpreted 
by health decision makers. For example, the DMFT of 2.9 for 12-year-old Filipinos 
complies with the WHO/FDI goal for the year 2000 of 3 DMFT for this age group. This 
can lead to complacency among decision makers since the Philippines have already 
met WHO/FDI goals based on the DMFT. The reality is that in this same age group 
41% of the decay component has progressed to odontogenic infections, which clearly 
demonstrates the limited and often misleading explanatory power of the DMFT. By 
exposing decision makers only to DMFT data, leaves them unaware of the high 
levels of untreated caries lesions, their severity and associated health and quality of 
life consequences.  
The dental profession should fulfil its ethical mandate and provides health decision 
makers with relevant information on disease levels. The PUFA index was developed 
in response to that need. The various clinical stages deﬁned by PUFA have different 
associations with health conditions. The index deﬁnes four different clinical stages of 
advanced caries providing ‘a face of the reality’ to the prevailing and often ignored 
oral conditions. Presenting data based on the PUFA index will provide health 
planners with relevant information, which is complementary to the DMFT.  
The Philippines NOHS was an appropriate occasion to validate the new PUFA index 
under ﬁeld conditions in a low-income country with a population suffering from a high 
burden of untreated caries. The demonstrated high levels of examiner agreement in 
the Philippines NOHS for PUFA/pufa were similar to reproducibility for DMFT/dmft 
and indicate the reliability of the PUFA/pufa index. The index proved to be 
appropriate in quantifying the consequences of severity of tooth decay, it is 
universally applicable in all settings, even under simple ﬁeld conditions. The index is 
easy and safe to use, even for nondentists, takes little time to perform and does not 
require any additional equipment.  
The caries prevalence in 6-year-old Filipinos was 97% and in 12-year-olds it was 
82%. The respective dmft and DMFT for those age groups were 8.4 and 2.9. There 
were no ﬁllings and very low m/M components for both age groups. That indicates 
that more than 90% of caries in both age groups remained untreated. The inclusion 
of data on pulpal involvement, traumatic ulceration, ﬁstula and abscesses 
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(PUFA/pufa) in the Philippines NOHS provided a more comprehensive picture of 
caries and its consequences related to general health of the Filipino child population. 
Forty percent of decayed teeth in 6-year olds and 41% of decayed teeth in 12-year 
olds had signs of odontogenic infection. This information may be useful for treatment 
planning as it will help to calculate the treatment need (tooth extractions, restorations, 
endodontic treatment) depending on the capacity of the health care system.  
The ﬁndings from the Philippines NOHS indicated that 12-year-old children with 
PUFA >0 had a statistically signiﬁcant lower body mass index as compared to those 
with a PUFA = 0. In contrast, no association was found for body mass index of 
children with a DMFT >0 compared with those with DMFT = 0.21 Thus, a PUFA/pufa 
prevalence of 85% for 6-year olds and of 56% for 12-year olds implies that the 
majority of Filipino children have an oral health status that impacts on general health.  
Due to a paucity of similar studies it is difficult to compare the present ﬁndings with 
other countries; however, the prevalence of ﬁstulae and abscesses of 18% among 6-
year-old Filipinos is consistent with the ﬁndings for 5-year-old Scottish children. 
There, the prevalence of sepsis (deﬁned as the presence of an abscess or ﬁstula) 
was reported to be 11% for children living in the most deprived areas in Scotland.20  
The use of the PUFA/pufa index in the Philippines NOHS has shown the relevance of 
this index to address the neglected problem of untreated caries and its 
consequences. Furthermore PUFA/pufa data may be used for planning, monitoring 
and evaluating access to emergency treatment and exposure to ﬂuoride as 
components of the Basic Package of Oral Care (BPOC)25 and national oral health 
plans and may have a higher potential than the DMFT to get oral health onto political 
agendas.  
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Abstract  
The oral health status of 6- and 12-year-old Filipino children was assessed in a 
representative national sample of 2030 6-year-old and 2022 12-year-old children, 
using WHO Basic Methods for Oral Health Surveys (4th edition, 1997) and the PUFA 
(pulpal involvement [P/p], ulceration caused by dislocated tooth fragments [U/u], 
fistula [F/f], and abscess [A/a]) index. A subsample of 242 12-year-old children was 
included to assess backward comparability between the 1998 Oral Health Survey 
that used WHO Basic Methods (3rd edition, 1987). The results showed that 97% of 6-
year-old children had caries (mean dmft 8.4), 85% showed dental infection (mean 
pufa 3.4), 20% reported pain when examined. In all, 82% of 12-year-old children had 
caries (mean DMFT 2.9), 56% prevalence of pulp involvement (mean PUFA 1.0), and 
16% reported pain when examined. Differences in methodology between the 1998 
and the 2006 surveys are likely to have had an effect on the observed reduction in 
DMFT, indicating that the real caries prevalence had not changed much and remains 
very high. 
 
Introduction 
Regular epidemiologic surveys looking at oral health status have been recommended 
by the World Health Organization (WHO) since 1971, when the first standard protocol 
for oral health surveys was defined. This standardized the epidemiological data 
collection and dominated survey approaches until today.1,2 Oral health surveys 
typically focus on a narrow set of epidemiological data about oral diseases, with 
emphasis on caries and/or periodontal disease, using clinical indicators developed in 
a descriptive academic context. Recently, efforts have been made to develop oral 
health indicators for integration in routine national health data collection systems.3-5  
The main objectives of National Oral Health Surveys (NOHS) are usually to monitor 
disease levels, to assess treatment needs, to evaluate the impact of existing 
strategies, and to give oral diseases visibility in the public and political domain.6 
However, surveys often produce information with limited relevance for decision 
making or planning.7,8 Moreover, the DMFT (decayed, missing, filled teeth) index, 
when used to measure the burden of dental decay is not well suited to estimate 
treatment need.9,10 In spite of this, there is a persistent assumption that descriptive 
oral health surveys are a prerequisite for the planning of health promotion 
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programmes and oral health services; in reality, existing services are rarely the result 
of planning based on epidemiological surveys.  
The objectives of the 2006 NOHS among the child population in the Philippines were 
to monitor disease trends, allowing the determination of the appropriateness of oral 
health strategies applied since the last survey, and to give sound arguments to 
advocate for innovative integrated approaches to child health in the school context. 
The last nationwide oral health survey from 1998 reported caries levels that were 
among the worst worldwide.11 This time, in addition to DMFT data, the PUFA (pulpal 
involvement [P/p], ulceration caused by dislocated tooth fragments [U/u], fistula [F/f], 
and abscess [A/a]) index was introduced; an index designed to assess the presence 
of oral conditions and infections resulting from untreated caries in the primary (pufa) 
and permanent (PUFA) dentition.12 Furthermore, the survey included simple 
indicators for socio-economic status, personal hygiene, as well as anthropometric 
measures (details are reported in separate publications).13 
Objective of this article 
This article details the caries-related findings of the 2006 NOHS in the Philippines for 
6- and 12-year-old children. It also discusses the problem of comparability of results 
between the NOHS of 2006 and the previous study of 1998 since this is an important 
aspect of determining whether a reduction of caries among 12-year-old 
schoolchildren has been achieved. The relevance of the survey for national and 
international contexts is discussed. 
 
Materials and Methods 
Sampling 
In 2006, the Philippines had an elementary school population of about 13 million 
children with 12 million attending public elementary schools. To obtain a 
representative sample of public school children, a stratified multistage cluster 
sampling design was utilized. The sample size calculation was based on the 
estimated caries prevalence of 80%, a desired precision of 2% with a confidence 
level at 95%. In each of the 17 regions in the Philippines, schools were excluded from 
the sample if fewer than 60 children were enrolled in Grade VI, the access to the 
school took longer than one hour by local transport from the main highway and/or the 
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school was situated in an area of civil unrest. In each region, two rural and two urban 
public elementary schools were randomly selected using the “Barangay” 
classification of the Philippine National Statistic Office, which defines the rural or 
urban character of a Barangay (the smallest administrative unit in the Philippines). In 
each of the 68 participating schools, 30 students from Grade I aged 6 (+/- 1) years 
and 30 students from Grade VI aged 12 (+/- 1) years were randomly selected from 
the teachers’ records books.  
Ethical considerations 
The survey was conducted under the authority of the Health and Nutrition Center of 
the Philippine Department of Education (DepEd).14 Data were collected between 
November 2005 and February 2006. Written parental/legal guardian consent was 
obtained prior to the examinations and full confidentiality was ensured through an 
encoding system where private information was removed prior to data processing. 
Since the Health and Nutrition Center of the Philippine DepEd routinely conducts a 
physical and oral examination of all elementary school children each year, this 
national oral health survey was considered to be part of this routine. Given that the 
survey was a purely descriptive epidemiological study and did no involve any 
interventions, the DepEd did not consider there to be a need for an ethical review 
process and approved the survey. 
Reliability of data 
Five survey teams, each consisting of two dentists and two recorders, received a 
two-day theoretical training, followed by a three-day clinical training and calibration. 
The training was conducted by an experienced epidemiologist of the WHO 
Collaborating Centre in Jena, Germany. During the entire survey, each examiner re-
examined 7.5% of the children.  
Data analysis  
SAS version 9.1 was used to compute descriptive data, for example, averages, 
standard deviations and confidence intervals. Reproducibility of examiners was 
assessed with unweighted kappa values. Inter-examiner kappa values for caries 
detection ranged from 0.78 to 0.92; and intra-examiner reproducibility varied between 
kappa values of 0.80 to 0.98. 
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Examination details 
Oral examinations were performed in the school courtyard, or in case of rain, inside 
the classroom. Prior to the oral examination the children brushed their teeth. 
Examiners sitting in a "12 o'clock position", wearing gloves and mask, examined the 
children lying in a supine position on school benches or tables. Teeth were dried with 
cotton pellets. A CPI ball-end probe and a lighted mouth mirror (Mirrorlight, Kudos, 
Hong Kong) were used. The CPI probe was used gently to detect and confirm visual 
evidence of caries according to the caries diagnosis criteria of WHO Oral Health 
Surveys Basic Methods 4th edition.2 Noncavitated caries lesions were not scored. In 
addition, teeth presenting early stages of cavitation but where the ball end probe 
could not enter were not scored as caries and were excluded from the analysis. 
The PUFA/pufa index was used according to standard procedure and was recorded 
separately from the DMFT/dmft scores.12 The presence of either a visible pulp (P/p), 
ulceration of the oral soft tissues due to root fragments (U/u), a fistula (F/f) or an 
abscess (A/a) was recorded. The PUFA/pufa index per child was calculated in the 
same cumulative way as the DMFT/dmft index and represents the number of teeth 
meeting the PUFA/pufa diagnostic criteria. The assessment was made visually 
without the use of an instrument. 
Anthropometric data and body mass index (BMI) were assessed according to a 
standard methodology.13 Finally, all children were asked (in local dialect) about the 
presence of pain at the time of examination; whether they had a television at home 
and their number of siblings. A trained assistant recorded all data on a standardized 
form.  
Subsample comparing two WHO survey methods 
To ensure backward comparability with the 1998 NOHS, a subsample of 242 12-
year-old children from two schools in Cagayan de Oro were examined twice. A first 
examination was done by an examiner who participated in the 1998 NOHS and who 
had been calibrated according to the 3rd edition of the WHO Basic Methods for Oral 
Health Surveys (examiner 1).15 In accordance with the methods used in the 1998 
NOHS, children did not brush their teeth prior to the first examination. They were 
examined under daylight in a seated position. Examination instruments comprised a 
sharp explorer and a mouth mirror. Teeth were not dried. Caries was recorded as 
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present when the sharp probe stuck in a lesion or when the probe detected a smooth 
tooth surface defect or a soft floor, undermined enamel or a softened wall. 
The second examination was performed by an examiner who participated in the 2006 
NOHS and had been calibrated according to the 4th edition of the WHO Basic 
Methods for Oral Health Surveys (examiner 2).2 After the first examination described 
above, children brushed their teeth before being examined in a supine position for a 
second examination. After the teeth were dried with cotton pellets, a CPI ball end 
probe and lighted mouth mirror were used to diagnose caries according to the 
method of the 2006 NOHS. Intra-examiner-consistency was assessed through re-
examination of 29 children by each of the two examiners. 
 
Results 
Six-year-old children 
A total sample of 2030 6-year-old children (980 boys/1050 girls, mean age 6.6 years) 
was examined. The overall caries prevalence was 97.1%. The mean dmft was 8.4 
(d=8.0/m=0.4/f=0).  
For the permanent dentition the DMFT was 0.7, exclusively concentrated on the D-
component and almost all decay occurring on the first molar. Caries scoring at 
surface level revealed a mean dmfs of 28.2 and a DMFS of 1.1. The score for the first 
molar was 1.0 DMFS. The Care Index was 0% in both dentitions (the Care Index 
indicates the percent of dental decay that was treated by the provision of fillings and 
is calculated as (F / DMFT) x 100). 
In all, 85% of 6-year-olds examined presented at least one tooth with pulp 
involvement. The pufa index for the primary dentition was 3.4, and the PUFA index 
for the permanent dentition was 0.1. Oral pain at the time of examination was 
reported by 20% (Table 1). No statistically significant difference between children 
from rural and urban areas was found. 
Twelve-year-old children 
A total sample of 2022 12-year-old children were examined (982 boys/1040 girls, 
mean age 11.8 years). The overall caries prevalence was 82.4%. The mean DMFT 
was 2.9 (D=2.7/M=0.2/F=0). The caries burden was concentrated on the first 
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permanent molars, with 1.6 DMFT. With respect to surface level the mean DMFS 
was 7.7 with 5.1 DMFS on the first molars. No fillings were present.  
 
Table 1. Summary of results for 6-year-old children from the 2006 NOHS and comparison 
with results from 1998 (SD and CI in parentheses) 
 2006 1998 
No of schools 68 16 
N (no of children) 2030 1031 
Gender distribution male/female 980 / 1050 501 / 530 
Mean age (years) 6.6 (+/- 0.5) 5 
Caries prevalence primary dentition 96.8% (96.0-97.6) 94.4% (93.0-95.8) 
Caries prevalence permanent dentition 36.4% (34.3-38.5) - 
Caries prevalence both dentitions 97.1% (96.4-97.8) - 
Mean dmft 8.4 (+/-4.2) - 
Mean DMFT  0.7 (+/-1.1) - 
Mean DMFT first molar 0.6 (+/-1.0) - 
Mean dmfs 28.2 (+/-16.8) - 
Mean DMFS 1.1 (+/-2.5) - 
Mean DMFS first molar 1.0 (+/-2.2) - 
Pufa/PUFA prevalence 85% (83.5-86.5) - 
Mean pufa 3.4 (+/-2.6) - 
Mean PUFA 0.1 (+/-0.5) - 
Prevalence of self reported problem 20% (18.3-21.7) - 
Abbreviations: NOHS, National Oral Health Survey; SD, standard deviation; CI, confidence interval; DMFT/dmft, 
decayed, missing, filled teeth; DMFS, decayed, missing filled surfaces; PUFA/pufa, pulpal involvement, ulceration 
caused by dislocated tooth fragments, fistula, and abscess; "-" = not reported in 1998 NOHS. 
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Overall, 56% of children presented at least one tooth with pulp involvement. The 
mean pufa index of the remaining primary dentition was 0.2 and the PUFA index of 
the permanent dentition was 1.0. Oral pain at the time of examination was reported 
by 16% (Table 2). No statistically significant difference between children from rural 
and urban areas was found. 
Table 2. Summary of results for 12-year-old children from the 2006 NOHS and comparison 
with results from 1998 (SD and CI in parentheses) 
 2006 1998 
No of schools 68 16 
N (no of children) 2022 1029 
Gender distribution male/female 982 / 1040 467 / 553 
Mean age (years) 11.8 (+/-0.7) 12 
Caries prevalence permanent dentition 78.4% (76.6-80.2) 91.7% (90.0-93.4) 
Caries prevalence primary dentition 15.2% (13.6-16.8) - 
Caries prevalence 82.4% (80.7-84.0) - 
Mean DMFT 2.9 (+/-2.9) 4.6 
Mean DT 2.7 (+/-2.9) 4.2 
Mean MT 0.2 (+/-1.0) 0.3 
Mean FT 0 0 
Mean DMFT first molar 1.6 (+/-1.3) - 
Mean DMFS 7.7 (+/-8.6) - 
Mean DMFS first molar 5.1 (+/-5.3) - 
Pufa/PUFA prevalence 56% (53.8-58.2) - 
Mean pufa 0.2 (+/-0.6) - 
Mean PUFA 1.0 (+/-1.3) - 
Prevalence of self reported problem 16% (14.4-17.6) - 
Abbreviations: NOHS, National Oral Health Survey; SD, standard deviation; CI, confidence interval; DMFT/dmft, 
decayed, missing, filled teeth; DMFS, decayed, missing filled surfaces; PUFA/pufa, pulpal involvement, ulceration 
caused by dislocated tooth fragments, fistula, and abscess; "-" = not reported in 1998 NOHS. 
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Results of the subsample comparing two WHO survey standards 
The intra-examiner kappa value of examiner 1 was 0.78 and that of examiner 2 was 
0.85. In total, the data of 242 11- to 13-year-old children comprising 119 boys and 
123 girls with a mean age 11.2 +/- 2.1 years were available for analysis. Caries 
prevalence of the subsample according to the methods used for the NOHS 1998 was 
88.8% and the mean DMFT was 3.3 with a D-component of 3.2, a M-component of 
0.1 and a F-component of 0 (Table 3). Caries prevalence of the same 242 children 
according to the methods used for the NOHS 2006 was 71.5% and the mean DMFT 
was 2.4 (D=2.3/M=0.1/F=0). 
The caries prevalence using the 2006 method was 17.3% lower than that found when 
the 1998 method was used. The DMFT-value using the 2006 method was 27.3% 
lower as compared to the 1998 method with a confidence interval of 12.0% to 42.5% 
(Table 3). 
 
Table 3. Data of 242 children examined with methods used in NOHS 1998 and NOHS 2006 
(SD and CI in parentheses) 
 Method 1998 Method 2006 
N (no of children) 242 
Mean age (years) 11.2 (+/-2.1) 
Caries prevalence 88.8% (84.8-92.8) 71.5% (65.8-77.2) 
Mean DMFT  3.3 (+/-2.5) 2.4 (+/-2.1)* 
Mean DT 3.2 (+/-2.4) 2.3 (+/-2.5) 
Mean MT 0.1 (+/-0.3) 0.1 (+/-0.4)  
Mean FT 0 0 
Abbreviations: NOHS, National Oral Health Survey; SD, standard deviation;              
CI, confidence interval; DMFT/dmft, decayed, missing, filled teeth.                   
* = 27.3% difference (CI = 12.0%-42.5%).  
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Discussion 
The article presents the results of the NOHS in the Philippines, a representative 
study of 6- and 12-year-old children, using WHO Basic Methods (4th edition) and the 
PUFA index.2,12 The survey also included a subsample of 12-year-old children to 
assess backward comparability with the 1998 NOHS that used the 3rd edition of the 
WHO Basic Methods.15 Almost all 6-year-old children had caries (mean dmft 8.4), 
and the large majority showed dental infection (mean pufa 3.4), with one fifth 
reporting the presence of pain at examination. The large majority of 12-year-old 
children had caries (mean DMFT 2.9), whereas just more than half showed dental 
infection (mean PUFA 1.0); 16% reported pain at examination.  
Methodology and limitations 
The sampling of the survey used the "Barangay" classification of the Philippine 
National Statistic Office to define the rural or urban character of a Barangay (the 
smallest administrative unit in the Philippines). However, because of increasing 
urbanisation, this classification in many cases defines an area as rural, which in 
reality has already become urbanized.  Additionally, the more affluent segments of 
the child population attend private urban schools, which were not included in the 
survey. These factors could possibly explain the lack of statistical difference in DMFT 
between rural and urban areas. 
Using the current WHO standard protocol for oral health surveys ensures a sound 
methodology and comparability of data.2 In addition, the survey also looked at caries 
on the surface level (DMFS). Although this is a more complex and time-consuming 
procedure it provides valuable information about which surfaces/teeth exhibit the 
greatest caries burden. Changes in the DMFS score allow for a quick assessment of 
the effectiveness of previous interventions and programmes. Another aspect that has 
received limited attention is safeguarding calibration of examination in successive 
surveys. The problem of reproducibility and consistency of examination emerged 
from a study where a sample of 12-year olds were examined by nine different groups 
of examiners, all using the same WHO Basic Methods (1997) for dentine caries, but 
the mean DMFT values for that sample of 12-year olds ranged from 2.9 to 5.1.16 To 
address this effect one examiner who participated in the 1998 NOHS participated in 
the examination of the subsample in the 2006 survey. 
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Trend analysis: was there a real decline in dental decay? 
New insight in the damage that may be caused by using a sharp probe for tactile 
assessment of caries as described in WHO Basic Methods 3rd edition (1987) has led 
to a modification of the methodology. In contrast to the 1998 NOHS, where a sharp 
probe was used for caries diagnosis, caries in the 2006 NOHS was assessed using 
the modified criteria of WHO Basic Methods 4th edition (1997).2 Now, a CPI probe 
alone is used to confirm visual evidence of caries.2,15 However, the impact of differing 
diagnostic criteria for caries on epidemiological surveys has rarely been discussed.16-
18 One study estimated the extent of differences in scoring DMFT with different 
methods of caries diagnosis and reported a 31.8% difference in mean DMFT.18 
The comparison of DMFT results for 12-year-old children from 1998 and 2006 seems 
to indicate a considerable decline in DMFT (from 4.6 in 1998 to 2.9 in 2006; 37% 
reduction). However, the examination of the subsample comparing the survey 
methods used in 1998 to those in 2006 (examining the same group of children) 
revealed that DMFT scores were 27.3% lower (CI of 12.0-42.5%) with the method 
used in 2006. This is mainly because of different scoring in the D-component, 
whereas F- and M-components were assessed consistently with both methods. The 
fact that the children were examined first using the sharp probe, which has proven to 
cause damage and break down of enamel might be one of the reasons that lesions 
were penetrable with a CPI probe during second examination, which would not have 
been detected without prior examination with a sharp probe. That might explain why 
the difference in DMFT between the survey methods used in the subsample (27.3%) 
is lower compared with the difference in DMFT between the surveys in 1998 and 
2006 (37.0%). Taking the above into account, it is equivocal whether the observed 
decline in caries between 1998 and 2006 is a proof of a real change of dental decay 
status in the child population. 
Relevance of the new PUFA Index 
This survey was the first NOHS to use the PUFA Index.12 Complementing DMFT 
data, PUFA allows the measurement of the consequences of untreated caries and 
highlights the severity of the decay. PUFA goes beyond the information obtained 
through the Care Index by clearly indicating the worst caries-related problems. 
Untreated dental decay has significant impacts on children and increases the risk of 
low BMI for 12-year-old children, with all physiological, psychosocial, and educational 
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consequences.13,19 From a biomedical point of view no individual should have any 
PUFA score. It is thus a valuable indicator to prioritize treatment needs in populations 
since individuals with high PUFA burden should receive care first, usually consisting 
of extraction of the decayed tooth in the context of oral urgent treatment. Oral care 
that does not address the PUFA burden as a priority is ethically questionable. Since 
2006, other studies have confirmed the validity and usefulness of the PUFA 
index.20,21 
Appropriateness of applied oral health strategies in the Philippines 
The survey results also indicated that previous approaches to improve child oral 
health were not successful – the absence of appropriate and effective preventive 
measures and the inability to provide simple oral care and pain relief were among the 
reasons for the high disease burden. The dental workforce of the ministry focused on 
mass screening and health education, which is unlikely to lead to behaviour change 
regarding hygiene, healthy lifestyle and diet in the long term.22 Referrals for treatment 
after school-based screening have only limited effect in high-income countries23 , 
even more so in low- and middle-income countries, where affordable oral care for 
children is not available. The Care Index of zero in the surveyed child population 
shows this with undeniable clarity. 
Using the National Oral Health Survey as an advocacy tool 
Despite the high number of epidemiological oral health surveys listed in the WHO 
Oral Health Country/Area Profile Programme there is virtually no literature on how 
survey results were used in policy and decision processes. In addition, many of the 
commonly used indices to measure oral health status are not understandable to a lay 
audience without additional explanation, which makes it difficult to use them for oral 
health advocacy. The results of the survey were a revelation for the DepEd, the 
Philippine public and international stakeholders, particularly the high PUFA scores 
reported.24,25 As a result, the DepEd and provincial governments agreed to establish 
a preventive school health programme in primary schools using an innovative 
integrated approach to the three highest impact diseases of children: diarrhoea, 
respiratory-tract infections and dental decay. This Fit for School programme was 
initiated in 200826 and is currently targeting more than 2.5 million children.  
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Relevance of the survey for national and international public health 
Oral health is a neglected area of international health, and inappropriately addressed 
in health systems of most low- and middle-income countries. This survey has 
mapped out the extent of the consequences resulting from this neglect: virtually all 6-
year-old children in the Philippines have caries and 85% have signs of dental 
infection. Treatment options for these children are nonexistent or unaffordable. As a 
consequence, pain and infection continue to have a daily impact on their well-being, 
physical growth, and their mental and educational performance. Based on the 
experience with the PUFA index we recommend adding this index to the next edition 
of the WHO Basic Methods for Oral Health Surveys. We furthermore recommend 
including, wherever possible, an examiner calibrated according to the previous 
survey to ensure consistency and improve comparability of data collected. 
Taking into account that caries risk factors are likely to grow, that more populations 
will be exposed to them, and that the current Philippine health care system is unable 
to cope with the problem, it is justified to label the caries situation of the Filipino child 
population as a public health crisis. Unfortunately, the situation is similar in many 
other countries.27,28 Despite a slowly growing recognition of the problem by national 
governments, the ambitious intentions expressed by WHO29 are not yet matched by 
significant tangible action and resource allocation permitting the global caries 
pandemic to be effectively addressed.27,30 
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Abstract 
Background: Dental decay is the most common childhood disease worldwide and 
most of the decay remains untreated. In the Philippines caries levels are among the 
highest in the South East Asian region. Elementary school children suffer from high 
prevalence of stunting and underweight.  
The present study aimed to investigate the association between untreated dental 
decay and Body Mass Index (BMI) among 12-year-old Filipino children. 
Methods: Data collection was part of the National Oral Health Survey, a 
representative cross-sectional study of 1951 11-13-year-old school children using a 
modified, stratified cluster sampling design based on population classifications of the 
Philippine National Statistics Office. Caries was scored according to WHO criteria 
(1997) and odontogenic infections using the PUFA index. Anthropometric measures 
were performed by trained nurses. Some socio-economic determinants were 
included as potential confounding factors.  
Results: The overall prevalence of caries (DMFT+dmft>0) was 82.3% (95%CI; 
80.6%-84.0%). The overall prevalence of odontogenic infections due to caries 
(PUFA+pufa>0) was 55.7% (95% CI; 53.5%-57.9%) The BMI of 27.1% (95%CI; 
25.1%-29.1%) of children was below normal, 1% (95%CI; 0.5%-1.4%) had a BMI 
above normal. The regression coefficient between BMI and caries was highly 
significant (p<0.001). Children with odontogenic infections (PUFA+pufa > 0) as 
compared to those without odontogenic infections had an increased risk of a below 
normal BMI (OR: 1.47; 95% CI: 1.19-1.80). 
Conclusion: This is the first-ever representative survey showing a significant 
association between caries and BMI and particularly between odontogenic infections 
and below normal BMI. An expanded model of hypothesised associations is 
presented that includes progressed forms of dental decay as a significant, yet largely 
neglected determinant of poor child development. 
 
Background  
Dental decay (caries) is the most common childhood disease and the most frequent 
non-communicable disease worldwide.1,2 Most of the dental decay remains untreated 
with significant impacts on general health, quality of life, productivity, development 
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and educational performance.3-6 In the Philippines caries levels are among the 
highest in the South East Asian region, with a prevalence of 82% and a Decayed, 
Missing and Filled permanent Tooth index (DMFT) of 2.9 among 12-year olds in 
2006.7,8 
Besides, children in the Philippines as in many other low- and middle-income 
countries, suffer from a high burden of preventable diseases other than dental decay: 
diarrhoea and respiratory tract infections, the top killer diseases among children. Two 
thirds of school children are infected with chronic soil-transmitted helminths.9 
Because of these poor health conditions children suffer from significant impacts on 
their development, growth, well-being, as well as their social and educational 
performance. With regard to growth development, low Body Mass Index (BMI) is very 
prevalent in the Philippines, like in many other low- and middle-income countries.10 
Despite the pandemic character of dental decay, particularly in children, there are 
only a few studies that have examined the relationship between the severity of dental 
decay and child weight. Previous research concluded that children with early 
childhood caries (ECC) who needed treatment for tooth extraction had lower mean 
weights than those without treatment need.11-13 In larger surveys among 1-6-year-old 
non-hospital visitors, the relationship between caries and underweight remained 
inconclusive.14-19 A recent large population-based prospective cohort study in the 
United Kingdom among 5-year olds reported that children with tooth decay had 
slightly smaller increases in weight and height in the previous years than children 
without tooth decay.20 Virtually nothing is known about this association in older age 
groups.  
The present study aimed to investigate the association between dental decay and 
low BMI, two highly prevalent conditions among 12-year-old Filipino children. The 
hypothesis was tested that an association between dental decay and low BMI in 12-
year-old Filipino children did not exist. Weight, height, caries prevalence and caries 
experience as well as some demographic and socio-economic variables were 
included in a National Oral Health Survey (NOHS) undertaken in 2006.  
 
 77 
Methods 
Sample 
The NOHS was conducted from November 2005 to February 2006 using a stratified 
cluster sampling design. All 17 regions of the country were included, in each region a 
rural and urban area were identified according to the criteria of the National Statistics 
Office. In total, 68 public elementary schools were selected for the survey, two in 
each stratum (n=34). Inclusion criteria for schools were: a location in a secure area; 
access within an hour from the main road; and schools having more than 60 grade VI 
children. In each school 30 grade VI children aged 11-13 years were systematically 
sampled from a list of enrolled schoolchildren. This sample size was estimated on the 
presumption of a caries prevalence of 80%, a desired precision of ± 2% with a 
confidence level at 95%. Ethical approval was obtained from the Department of 
Education under whose authority this survey was undertaken.  
Oral examination  
All children brushed their teeth prior to examination. Oral examinations were 
performed outside in the schoolyard with children lying in a supine position on a 
school bench or table with their heads on a pillow on the lap of the examiner who sat 
behind them. Cotton pellets were used for drying. A CPI ball-ended probe and a 
lighted mouth mirror (MIRRORLIGHT™, Kudos, Hong Kong) were used as 
examination tools to score caries according to standard procedures described by 
WHO (1997).21 Initial caries lesions and early stages of cavitation where the ball-
ended probe could not enter were not scored as caries, unless a greyish appearance 
of enamel as a sign of an underlying dentine involvement with caries was noted.  
In addition to data collection for DMFT/dmft (permanent and primary dentition) the 
PUFA/pufa index was used according to the standard procedure.22 PUFA/pufa is an 
index used to assess the presence of oral conditions and infections resulting from 
untreated caries in the primary (pufa) and permanent (PUFA) dentition. The index is 
recorded separately from the DMFT/dmft and scores the presence of either a visible 
pulp (P/p), ulceration of the oral mucosa due to root fragments (U/u), a fistula (F/f) or 
an abscess (A/a). The PUFA/pufa index per child is calculated in the same 
cumulative way as the DMFT/dmft index and represents the number of teeth meeting 
the PUFA/pufa diagnostic criteria.  
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Five survey teams, each consisting of two dentists and two recorders underwent two 
days of theoretical and three days of clinical training in caries (DMFT/dmft) and 
PUFA/pufa diagnosis and calibration. During the entire survey, each examiner re-
examined 7.5% of the children and reproducibility was assessed with kappa values.  
Anthropometric measures  
All measurements were performed by trained school nurses according to standard 
guidelines.23 The height of children, standing upright without shoes, was measured 
with a portable stadiometer (Seca®) to the nearest 0.5 cm. Weight was assessed 
with a portable electronic digital scales to the nearest 0.5 kg (Soehnle®). No 
adjustments were made for clothing, but children were only lightly dressed. The 
measuring equipment was re-calibrated daily. Height and weight were used to 
compute BMI [(weight in kilograms divided by height in metres squared - weight 
(kg)/height (m2)] for age. The children were grouped in 3 categories of BMI with age 
and sex related cut-off points according to the criteria of WHO (Thinnes24), CDC 
(Thinnes25), Philippine NHANS I26 and Cole (Thinnes grade 227). For further 
analyses, the 3 BMI categories according to the Philippine NHANS I criteria were 
used (Table 1). 
 
Table 1. Cut off points for the 3 classes of Body Mass Index (BMI) of 11-, 12- and 13-year-old 
boys and girls 
Boys     
Age BMI < normal BMI normal BMI > normal 
11 14.82 14.83 – 23.73 23.74 
12 15.23 15.24 – 24.89 24.90 
13 15.72 15.73 – 25.93 25.94 
    
Girls     
Age BMI < normal BMI normal BMI > normal 
11 14.59 14.60 – 24.59 24.60 
12 14.97 14.98 – 25.95 25.96 
13 15.35 15.36 – 27.07 27.08 
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Demographic and socio-economic parameters 
Teachers provided information on place of residence, gender and age of the child. 
The child was asked about the number of siblings and whether there was a television 
set at home. 
Statistical methods 
The data were analysed with SAS 9.1 software. Examiner’s reproducibility of oral 
conditions at tooth level was measured by Kappa statistics. The caries status 
(including odontogenic infections), caries prevalence and caries experience, were 
combined for the primary and permanent dentition. A regression equation between 
BMI and caries and between BMI and odontogenic infections (PUFA) was calculated 
and presented in a scatter plot. For further analysis, the variable caries status was 
dichotomised into caries free children versus children with caries. Moreover, children 
were dichotomised into those with odontogenic infections versus those without and 
into children with one odontogenic infection versus children with more than one 
odontogenic infection. BMI was the dependent variable in all analyses. Chi-square 
and Student-t-tests were used for comparison between groups. Since the number of 
children with a BMI above normal was small, the BMI was dichotomised into below 
normal BMI versus normal together with above normal BMI. In the logistic regression 
model only those explanatory variables were introduced that showed statistical 
significance (P<0.05) in bi-variate analysis with low BMI as dependent variable.  
 
Results 
From a total of 2022 11-13-year-old children, 1951 (949 boys and 1002 girls) with a 
mean age 11.8 years were included in the analysis. Of the 71 excluded children due 
to incomplete data, 33 were boys and 38 were girls. 
Inter-examiner Kappa values for caries detection assessed after the calibration 
session were in the range from 0.78 to 0.92, which can be judged as good. 
Throughout the NOHS, 7.5% of children were re-examined in order to assess intra-
examiner consistency. Intra-examiner reproducibility varied between Kappa values of 
0.80 to 0.98 for scoring DMFT/dmft and 0.80 to 0.97 for PUFA/pufa.  
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Caries 
The frequency distributions of children with caries (DMFT) and odontogenic infections 
(PUFA) are presented (Figure 1).  
 
Figure 1. Distribution of caries lesions and caries lesion that progressed into the pulp (PUFA) 
of 11-13-year olds 
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The mean prevalence of caries (DMFT+dmft>0) is 82.3% (95%CI; 80.6%-84.0%) and 
the mean prevalence of odontogenic infections (PUFA+pufa>0) is 55.7% (95% CI; 
53.5%-57.9%). The prevalence data are summarised in Table 2 for gender, 
demography, and socio-economic determinants. There are no significant differences 
in the caries prevalence between the variables. The mean experience of caries 
(DMFT+dmft) is 3.12 and the mean experience of odontogenic infections 
(PUFA+pufa) is 1.15. The caries experience data are summarised in Table 3 for the 
same variables and no significant differences were found. The filled (F/f) component 
was close to zero and the missing (M) component (due to caries) was 7% of the total 
caries experience.  
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Table 2. Prevalence (95% CI) of caries and prevalence of dental infections due to caries in 
11-13-year-old schoolchildren 
Variables N DMFT + dmft >0 Chi-
square 
P-value 
PUFA + pufa >0 Chi-
square 
P-value 
Girls  1002 82.9% (80.6-85.3) P = 0.46 56.6% (53.5-59.7) P = 0.43 
Boys  949 81.6% (79.1-84.0)  54.7% (51.5-57.7)  
      
Rural  978 80.6% (78.1-83.1) P = 0.057 54.5% (51.4-57.6) P = 0.32 
Urban  973 84.0% (81.6-86.3)  56.8% (53.7-60.0)   
      
TV at home – yes  1443 83.1% (81.1-85.0) P = 0.12 55.9% (53.3-58.4) P = 0.81 
TV at home – no  508 79.9% (76.4-83.4)  55.1% (50.8-59.5)  
      
Siblings 0-4* 1201 82.8% (80.7-85.0) P = 0.37 55.0% (52.2-57.9) P = 0.49 
Siblings >4* 742 81.1% (78.3-84.0)  56.7% (53.2-60.3)  
* 8 children not included in this variable due to incomplete data 
 
 
Table 3. Mean (sd) experience of caries and mean (sd) experience of odontogenic infections 
due to caries in 11-13-year-old schoolchildren 
Variables N DMFT + dmft Student T 
P-value 
PUFA + pufa Student T 
P-value 
Girls 1002 3.16 (2.94) P = 0.54 1.19 (1.39) P = 0.30 
Boys 949 3.08 (3.03)  1.12 (1.42)  
      
Rural 978 3.06 (3.00) P = 0.35 1.11 (1.40) P = 0.19 
Urban 973 3.18 (3.00)  1.19 (1.41)  
      
TV at home – yes 1443 3.14(3.02) P = 0.52 1.17 (1.44) P = 0.40 
TV at home – no 508 3.05 (2.86)  1.11 (1.31)  
      
Siblings 0-4* 1201 3.05 (2.83) P = 0.18 1.13 (1.39) P = 0.34 
Siblings >4* 742 3.23 (3.21)  1.19 (1.44)  
* 8 children not included in this variable due to incomplete data 
 
 
 82 
BMI  
The frequency distributions of the three categories of BMI with sex and age related 
cut-off point according to WHO, CDC, Philippine NHANS I and Cole are presented in 
Figure 2. Figure 3 depicts the distribution of the three BMI categories, obtained with 
the Philippine NHANS I criteria, according to the number of DMFT and the number of 
odontogenic infections (PUFA). A scatter plot depicting each child for BMI and 
number of DMFT and a scatter plot showing each child for BMI and number of 
odontogenic infections (PUFA) are presented in Figure 4. The regression equation for 
the relation between BMI versus DMFT and BMI versus PUFA, are statistically 
significant (p<0.001). The regression coefficient for BMI versus PUFA is larger than 
the one for BMI versus DMFT, indicating a stronger effect for PUFA on BMI. Table 4 
gives the numbers and percentages of the three categories of BMI according to 
dichotomised explanatory variables. Of the child sample, 50% were children from 
rural areas, 38% of children lived in large families with more than 4 siblings and 74% 
had a TV set at home. The BMI of 27.1% (95%CI; 25.1%-29.1%) of children was 
below normal and 1% (95%CI; 0.5%-1.4%) had a BMI above normal. The prevalence 
of low BMI was similar for caries free children and children with caries, but the 
prevalence of low BMI was significantly higher in children with odontogenic infections 
(PUFA/pufa>0) as compared with children without odontogenic infections. 
Associations were found between low BMI and gender, TV set at home, large 
families and odontogenic infections. The associated explanatory variables were 
introduced into a logistic regression model with low BMI as dependent variable. Table 
5 depicts the results. Boys, children in large families (>4 siblings) and children with 
odontogenic infections (PUFA+pufa) were more likely to have a low BMI with an odds 
ratio (OR) of 1.52, 1.39 and 1.47, respectively.  
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Figure 2. Distribution of the three categories of BMI of the sample of 12-year-old boys and 
girls according to the cut-off points of the 11-, 12- and 13-year olds of WHO, CDC, 
Philippines (NHANS I) and Cole  
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Figure 3. Distribution of the three BMI categories according to the number of caries lesions 
into the pulp (a) and the number of caries lesions (b) 
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Figure 4. Scatter plots presenting each child (*) with BMI and number of lesions into the pulp 
(PUFA) and with BMI and number of DMFT and regression line (formula) 
 
 
 
 
 
 
 
 
 
Number of caries lesions into the pulp (PUFA) 
BMI = 16.84 - 0.23 PUFA 
BMI = 16.89 - 0.10 DMFT 
Number of caries lesions (DMFT) 
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Table 4. Prevalence of normal, below-normal (low) and above-normal (high) Body Mass 
Index (BMI) of 11-13-year-old schoolchildren according to various variables 
 
  Dependent  Variable   
Variables N BMI < normal 
N=529 
N (%) 
BMI normal 
N=1403 
N (%) 
BMI > normal 
N=19 
N (%) 
Chi-square 
P value* 
 
Gender      
Girls 1002 234 (23.4) 762 (76.1) 6 (0.6) P<0.001 
Boys 949 295 (31.1) 641 (67.5) 13 (1.4)  
      
Socio-economic      
Rural 973 277 (28.5) 688 (70.7) 8 (0.8) P = 0.18 
Urban 978 252 (25.8) 715 (73.1) 11 (1.1)  
TV at home – yes 1443 373 (25.9) 1053 (73.0) 17 (1.2) P = 0.04 
TV at home – no 508 156 (30.7) 350 (68.9) 2 (0.4)  
Siblings 0-4* 1201 291 (24.2) 892 (74.3) 18 (1.5) P<0.001 
Siblings >4* 742 234 (31.5) 507 (68.3) 1 (0.1)  
      
Caries status      
DMFT+dmft = 0 346 86 (24.9) 256 (74.0) 4 (1.2) P = 0.30 
DMFT+dmft >0  1605 443 (27.6) 1147 (71.5) 15 (0.9)  
PUFA+pufa = 0 865 198 (22.9) 655 (75.7) 12 (1.4) P< 0.001 
PUFA+pufa >0 1086 331 (30.5) 748 (68.9) 7 (0.6)  
PUFA+pufa = 1 439 129 (29.4) 307 (69.9) 3 (0.7) P = 0.52 
PUFA+pufa >1 647 202 (31.2) 441 (68.2) 4 (0.6)  
* 8 children not included in this variable due to incomplete data 
Due to small numbers in the high BMI cell, P-values were calculated on dichotomised BMI classes 
(low versus normal + high).  
 
 
Table 5. Odds ratio (adjusted) obtained from a logistic model  
 
 Dependent variable BMI < normal  
Variables Odds ratio Confidence limits P-value 
Boys versus girls 1.52 1.24-1.87 <0.001 
Large families versus 
small families 
1.39 1.13-1.72 0.002 
No TV at home versus 
TV at home 
1.21 0.96-1.53 0.10 
PUFA versus no PUFA 1.47 1.19-1.80 <0.001 
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Discussion 
The data presented in this paper were collected using a systematic representative 
random sample from the Philippine National Oral Health Survey in 2006, which is one 
of a new generation of oral health surveys that, in addition to the traditional tooth-
related indicators, take socio-economic and anthropometric parameters into 
account.8 The survey was also the first to use the new PUFA index to assess the 
amount of odontogenic infection resulting from advanced untreated decay. The 
introduction of the PUFA index in this study examining possible associations between 
dental decay and low BMI appeared to be relevant, since it created a clear 
differentiation in the findings. Although a significant association existed between BMI 
and caries, only children with caries progression into the pulp (odontogenic 
infections) appeared to have an increased risk of a below normal BMI as compared 
to those without odontogenic infections. These findings imply that the null hypothesis 
was rejected with an added nuance that:  
 Children with caries had no increased risk of a below normal BMI as compared 
to caries free children; whereas  
 Children with caries into the pulp (odontogenic infections) had an increased 
risk of below normal BMI as compared to children without odontogenic 
infections. 
Our study design is a cross-sectional study, which limits the ability to identify 
causative factors. A longitudinal design would be more adequate to reveal cause and 
effect relationships. There are indications from several longitudinal studies that 
treatment of severe caries resulted in weight gain.28-30 If untreated caries progresses 
into the dental pulp there are possibly three main pathways for this association: 1) 
pain and discomfort result in reduced food intake; 2) reduced quality of life affects 
children's growth and development through restricted activity, reduced sleep, 
concentration deficits etc; and 3) odontogenic infections may result in cytokine 
release which might impact on growth. One study on inflammatory periodontal 
diseases reported an association with cytokine release31, but this issue is yet highly 
speculative. Future research will hopefully provide a more complete picture of the 
causal relationships, of the nature of the relation over time from early childhood to 
adolescence, and of the impact of different oral care options on child development. 
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In contrast to reports from other countries with similar socio-economic status this 
survey did not find any significant differences between 12-year-old children from rural 
and urban areas in terms of caries prevalence, caries experience (DMFT+dmft), 
odontogenic infections (PUFA+pufa) and BMI.32-36 A possible explanation for a lack of 
stratification effects on the studied variables could be the absence of higher socio-
economical classes in the present study, since private schools that are mainly 
located in urban areas were not included in the sample.  
This study indicated a higher risk of low BMI for boys compared to girls and for 
children in large families as compared to children in smaller families, which cannot be 
attributed to the caries status (Table 2 and 3). The percentage of 31% for low BMI of 
boys being higher than the 23% for girls is in accordance with the last national update 
on nutritional status of children in 2005.10 Low BMI is a result of several complex 
factors. Lack of hygiene, lack of nutritious food, as well as respiratory and other 
infections could account for differences in BMI between boys and girls. Additional 
factors that may also be considered include for instance that males are more active in 
sports. For practical and resource reasons it was not possible to obtain stool samples 
to test for worm infestation. However, soil-transmitted helminthiasis (STH) is highly 
prevalent in Filipino children with an average national prevalence of 82.3%.9 The 
summarised results from studies on STH infections do not indicate a difference in the 
prevalence and severity between boys and girls.9, 37 Given the high prevalence and 
the sample size of the survey it is not expected that a differing STH-infection status 
affected the associations between dental decay and BMI found. 
An expanded model of hypothesised relations 
The contemporary scientific discourse among paediatricians, nutritionists and even 
international organisations and NGOs related to child health and development, has 
so far completely ignored the impact of untreated dental decay. Virtually all dental 
decay remains untreated and contributes to poor child development and educational 
performance. This may be a result of the still new and growing evidence about the 
relation between dental decay and child development, but it is also a result of a 
disconnection between dental researchers and the ‘mainstream’ of child development 
research. 
A recent model visualises the possible complex relationships between the many 
factors ranging from nutritional deficits to maternal depression, from infectious 
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diseases to intrauterine factors.38 In order to bridge the gap between the ‘scientific 
niche’ of oral-health-related research and child development we present a modified 
model for the hypothesised causal relationships leading to poor education 
performance of children (Figure 5). It builds on the research already published and 
adds the dimension of a specific and highly prevalent chronic disease, dental decay, 
particularly dental decay that has progressed into the pulp and highlights pathways of 
interaction with all of the established factors contributing to poor child development. 
By placing dental decay in the centre of the diagram we do not imply that untreated 
caries and the resulting chronic infections are the most important factor for 
suboptimal child development; we rather wanted to highlight the complexity of 
interrelations among the various factors. 
Figure 5. Hypothesised relations between determinants of poor child development, poor 
school achievement and odontogenic infections 
 
 
Although the extent of the negative effect of odontogenic infections compared to 
other determinants in this context still needs to be quantified by further research, 
early results from ongoing studies and previous research indicate that removing 
odontogenic infection has a significant positive effect on subsequent child growth and 
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development. In addition, simple and cost-effective measures for preventing dental 
decay exist, which could easily be applied comprehensively and on a mass scale in 
school health programmes.39 We suggest that the absence of odontogenic infections 
(PUFA+pufa = 0) can be considered as an important outcome indicator for (oral) 
health programme planning, monitoring and evaluation.  
In the context of increased efforts to achieve the United Nation's Millennium 
Development Goals (MDG), and more specifically Goals 1 and 2 related to hunger 
and education, it would seem to be important to address the determinants of child 
development, nutrition status and educational performance comprehensively and 
from different perspectives. Good oral health is closely related to all MDG goals.40 
Poor oral health is the result of neglect of oral hygiene as respiratory and intestinal 
infections are the result of lack of general hygiene (of hands). Given that most other 
determinants of poor child development are rather complex, the relatively simple 
interventions for improving oral and general hygiene health of the world's 
disadvantaged children should be among the priority choices for health planners. 
Looking for quick, comparatively easy and cost-effective measures to contribute to 
the timely achievement of the MDGs, the ‘Fit for School’ programme in the 
Philippines, that addresses hygiene-related diseases, worm diseases and dental 
decay in a simple and cost-effective package, is a good and realistic example.39 
 
Conclusion 
This is the first-ever representative survey showing a significant association between 
caries and BMI and particularly between odontogenic infections and below-normal 
BMI. The data of this cross-sectional study indicate that children with odontogenic 
infection have an increased risk of below normal BMI as compared to children without 
odontogenic infections. 
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Abstract  
Background: Severe dental caries and the treatment thereof are reported to affect 
growth and well-being of young children. The objective of this study was to assess 
the effects of extraction of severely decayed pulpally involved primary teeth on weight 
and height in underweight preschool Filipino children. 
Methods: Underweight preschool Filipino children with severe dental decay had their 
pulpally involved primary teeth extracted during a stepped wedge cluster randomized 
clinical trial. Day care centers were randomly divided into two groups; children from 
Group A day care centers received treatment as soon as practical, whereas children 
from Group B day care centers were treated four months after Group A. Clinical oral 
examinations using WHO criteria and the pufa index were carried out. 
Anthropometric measurements were done on both groups immediately before 
treatment of Group A and at follow-up four months later. Height and weight z-scores 
were calculated using 2006 and 2007 WHO standards. Multilevel analysis was used 
to assess the effect of dental extractions on changes in anthropometric 
measurements after dental treatment. 
Results: Data on 164 children (85 in Group A and 79 in Group B), mean age 59.9 
months, were analyzed. Both groups gained weight and height during the trial period. 
Children in Group A significantly increased their BMI (p<0.001), and their weight-for-
age (p<0.01) and BMI-for-age z-scores (p<0.001) after dental treatment, whereas 
untreated children in Group B did not. Children in Group A had significantly more 
weight gain (p<0.01) compared to untreated children in Group B. However, children 
in Group A had an inverse change in height gain (p<0.001). Adjustment for the time 
interval between the two visits had little effect on the results.  
Conclusions: The extraction of severely decayed primary teeth resulted in significant 
weight gain in underweight Filipino children. Untreated dental decay should be 
considered an important co-factor affecting child growth and should be considered 
when planning for interventions to improve child growth.  
Trial registration: ISRCTN90779069 http://www.controlled-trials.com/isrctn/isrctn_loa 
 
Background  
In many low- and middle-income countries, the prevalence of untreated dental caries 
in the primary dentition of young children is high.1,2  For example, the 2006 Philippine 
National Oral Health Survey showed that dental caries was universal in 6-year-old 
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children.3 Their mean number of decayed or missing teeth was 8.4, no teeth were 
filled and 40% of the decay had progressed into an odontogenic infection, such as 
pulp involvement, abscesses or fistulas. 
Poor oral health in children is associated with underweight and failure to thrive. 
Children requiring multiple extractions of severely decayed teeth had significantly 
lower body weights than caries-free children. 4-6 Similar results were observed in the 
Philippines National Oral Health Survey 2006.7 Complete dental rehabilitation of 
underweight children with severe dental decay was associated with an increased rate 
of weight gain.8-10 Rate of weight gain may have been related to elimination of dental 
pain and sepsis that negatively affected children’s ability to eat and sleep. However, 
no causal relationship between severe dental decay and growth could be deduced 
because of the design of the studies.  
Two randomized controlled trials investigating the impact of dental treatment on body 
growth have been conducted by Gemert-Schriks et al.11 and Alkarimi.12 Both studies 
reported no significant differences in anthropometric outcomes between children 
receiving or not receiving comprehensive dental treatment.   
Based on the conflicting findings of cross-sectional studies and the clinical trials, this 
clinical trial was planned with the objective of assessing the effects of extraction of 
severely decayed pulpally involved primary teeth on weight, height, and BMI in 
underweight preschool Filipino children. 
 
Methods 
Study population 
All children included in the study were attending day care centers in municipalities in 
the Provinces of Cagayan de Oro and Misamis Oriental, Northern Mindanao, 
Philippines. The children were aged between 48 and 68 months. They were all 
underweight and had one or more pulpally infected primary teeth as a result of 
severe dental decay. Children were considered underweight if their BMI was below 
the 5th percentile according to CDC Growth Charts. All children were tested for active 
tuberculosis infection (TB). Children who tested positive for TB were referred to a 
governmental TB program for treatment and they were not included in the study. 
Mentally handicapped children were also not included for ethical reasons. None of 
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the children included in the study had systemic medical conditions and/or infectious 
diseases, according to reports by their parents.  
Ethics statement 
All parents or caregivers had signed an informed consent. Written ethical approval 
for the study was obtained from the Ethics Commission of Xavier University, 
Cagayan do Oro City.  
Study design  
This study is a stepped wedge cluster randomized clinical trial. Thirteen day care 
centers in ten municipalities in the Provinces of Cagayan de Oro and Misamis 
Oriental served as the clusters. The day care centers were randomly allocated into 
two groups; intervention Group A (six clusters) and waiting list control Group B 
(seven clusters) (Table 1). 
 
Table 1. The randomization of day care centers 
Group A  Group B 
Day care centres N Day care centres     n 
El Salvador (A)    43 El Salvador (B) 17 
Laguindingan (A) 21 Laguindingan (B) 11 
Opol (A) 4 Opol (B) 32 
Cagayan de Oro 16 Libertad 15 
Alubijid 13 Initao 14 
Talahag 3 Naawan 9 
  Manticao 4 
 
Children from Group A (n=100) were treated first, and children from Group B (n=102) 
were treated four months later in the same way as Group A (Figure 1). Treatment 
involved the extraction of all pulpally involved teeth under local anesthesia and 
treatment of other carious teeth with silver diammine fluoride Arrest of Caries 
Technique (ACT).13  
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Data collection  
Prior to day care center group allocation, all children were orally screened. Socio-
demographic data were collected by questionnaire and a face-to-face interview with 
parents at baseline. Anthropometric measurements, an interviewer-administered Oral 
Health-Related Quality of Life (OHRQoL) questionnaire, and blood samples were 
collected for both groups at baseline, four months after treatment of Group A 
children, and four months after Group B children were treated (Figure 1). OHRQoL 
data were collected to assess the relation between oral health-related impacts and 
growth. Blood samples were taken to explore the effect of primary tooth extractions 
on hemoglobin levels, to test the theory that dental infection affects growth through 
suppressed erythrocyte production in the bone marrow. This paper reports only on 
the data relating to primary tooth extractions and its relation with children’s weight, 
height and Body Mass Index (BMI). Relationships with OHRQoL and hemoglobin 
levels will be reported in a separate paper.  
Figure 1. Weight gain study design 
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Clinical data 
Clinical dental data were collected using standard WHO Basic Methods from 2007.14 
One trained and calibrated general dentist and a recorder carried out all 
examinations. Children were examined lying in a supine position on carers’ or on 
examiners’ laps (‘knee to knee’ position) outside the day care centers, using sunlight 
as the direct light source. As compressed air was not available, cottonwool balls were 
used to dry the teeth. Caries was scored when ball-ended CPI probe could penetrate 
the dental cavity. Non-cavitated lesions were not recorded. 
The dmft/dmfs index was used to assess dental status. The dmft/dmfs index 
expresses caries experience by calculating the number of decayed (d), missing (m) 
and filled (f) teeth (t) or surfaces (s). In addition, the severity of current dental decay 
was scored using the pufa index.15 The pufa index records the presence of severely 
decayed teeth with visible pulpal involvement (p), ulceration caused by dislocated 
tooth fragments (u), fistula (f) and abscess (a). The pufa score per person is 
calculated in the same cumulative way as the dmft-score. Children with a minimum of 
one pulpally involved primary tooth (pufa score of at least 1) were included in the 
study. 
Anthropometric data 
Weight and height measurements were obtained by a trained nurse in duplicate and 
the average compounded, following international recommendations.16 Weight was 
measured to the nearest 0.1 kg using portable hanging scales (Salter scale, UNICEF 
procurement), which were calibrated after every five measurements. Standing height 
was measured to the nearest 0.1 cm using a stadiometer ('Leicester' Model, 
Children's Growth Foundation, UK).  
Data handling 
Weight and height data were transformed to z-scores, namely weight-for-age (WAZ), 
height-for-age (HAZ) and BMI-for-age (BAZ), with the lmsGrowth excel add-in 
(Medical Research Council, 2008), using the 200617 and 200718 WHO Growth 
Standards. Z-scores allow comparison of an individual’s weight, height or BMI, 
adjusting for age and sex relative to a reference population, expressed in standard 
deviations from the reference mean.  
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Growth, defined as change in anthropometric values between two consecutive time 
points, was assessed in three ways. First, as the absolute difference between two 
untransformed anthropometric measurements; second, as the difference between 
two z-scores, therefore controlling for age and sex relative to the reference 
population; and third, as the difference between two z-scores conditional to baseline 
anthropometric measurements, expressed as conditional growth velocity (CGV). 
CGV additionally controls for ‘regression towards the mean’, where extreme large or 
small values at baseline are unlikely to remain extreme at follow-up.19, 20 CGV was 
expressed as conditional weight, height or BMI velocity (CWV, CHV and CBMIV, 
respectively), using unexplained residuals.21 CWV was calculated by regressing WAZ 
at follow-up against WAZ at baseline, separately by sex. Predicted WAZ was then 
obtained from the regression. CWV was calculated as the difference between 
observed and predicted WAZ at follow-up, divided by the standard deviation of those 
differences. The same procedure was used to calculate CHV and CBMIV. CGV 
outcomes, namely CWV, CHV and CBMIV, can be interpreted as growth (changes in 
WAZ, HAZ and BAZ) above or below that is expected given baseline anthropometric 
measurements, sex and age. 
Statistical analyses 
Descriptive analysis of clinical and anthropometric data was carried out using SPSS 
version 17.0 (SPSS Inc, Chicago, IL, USA). All children with missing data due to loss 
to follow-up or unrecorded data were excluded from the analysis. Paired T-test was 
used to assess changes in anthropometric measurements between different time 
points within each group.  
In this study, individuals (first level) were nested in day care centers from different 
municipalities (second level). Therefore, multilevel modeling was used to assess the 
effect of extraction of severely decayed teeth on growth indicators (weight, height, 
BMI, WAZ, HAZ, BAZ, CWV, CHV and CBMIV). Multilevel analyses were carried out 
using R version 2.14.2. (R Foundation for Statistical Computing, Vienna, Austria). For 
each multilevel model both the fixed effect coefficients and the random effects 
variances between day care centers are presented, though the interpretation of the 
results focuses on the fixed effects. The intercept shows the average change in 
growth indicators of the study population. The regression coefficient reflects the 
absolute difference in growth indicators in Group A children, relative to children in 
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reference Group B. All models were adjusted for the time interval between baseline 
and the first follow-up. CGV outcomes already account for the adjustment of age, sex 
and baseline anthropometric measurements.  
For each model, the intraclass correlation coefficient (ICC) was calculated. ICC could 
be interpreted as the percentage of total variance in growth that is due to differences 
between day care centers. The remaining proportion is between-individual variation. 
The level of significance was set at 5%.  
 
Results  
Eighty one percent of the 202 children included in the study (164 children; 85 in 
Group A and 79 in Group B) were reassessed at the first follow-up four months later; 
71.3% (144 children; 74 in Group A and 70 in Group B) completed all stages of the 
study. Data for 164 children were analyzed (81.2%), after excluding all children with 
missing data due to drop-out or unrecorded data. The frequent migration of families 
was the main reason for loss to follow-up. 
Baseline characteristics 
The baseline sample of 202 children was aged between 48 and 68 months and had 
more girls (58%) than boys (42%) (Table 2). Sex was not evenly distributed among 
the two groups as Group B had significantly more girls. The monthly family income 
ranged between US$20 and US$320, with an average monthly income of US$99 per 
family. All children had at least one tooth with severe dental decay. The average pufa 
score of the children was 2.3±1.6. They had a mean of 2.0±1.7 teeth with pulp 
involvement, 0.2±0.5 teeth with a fistula and 0.05±0.02 teeth with an abscess. The 
average WAZ was -2.1±0.6 z-scores (in Group A children) and -2.5±0.8 z-scores (in 
Group B children) below the mean of the reference population. At baseline Group A 
children were significantly heavier and taller than Group B children.  
Results for both groups at first follow-up 
Group A children had an average of 2.4±1.4 teeth extracted, ranging from one and 
nine extractions per child. The mean time interval between baseline and the first 
follow-up was significantly greater for Group A than Group B children (4.0±0.7 and 
3.5±0.6 months for Group A and B respectively, p<0.001).  
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Table 2. Baseline characteristics of children included in the study 
 
Characteristics 
Group A  
(n=100) 
Group B  
(n=102) 
 
 
 N (%) n (%) p-value* 
Male 49 (49) 36 (35)   0.05 
Female 51 (51) 66 (65)  
 Mean ± SD Mean ± SD  p-value** 
Age (months) 59.9 ± 5.0 59.7 ± 4.7 0.7 
Pufa-score 2.3 ± 1.4 2.4 ± 1.8 0.8 
Weight (kg) 13.9 ± 1.2 13.2 ± 1.4 < 0.001 
Height (cm) 102.2 ± 4.3 100.2 ± 5.2 < 0.01 
BMI (kg/m²) 13.3 ± 0.6 13.1 ± 0.7 < 0.01 
WAZ (z-score) -2.1 ± 0.6 -2.5 ± 0.8 < 0.001 
HAZ (z-score) -1.6 ± 0.8 -1.9 ± 1.0 < 0.01 
BAZ (z-score) -1.6 ± 0.5 -1.7 ± 0.7 0.04 
* Chi²-test, ** Independent Sample T-test 
 
All children significantly gained weight and height between baseline and the first 
follow-up (Table 3). However, children in Group A also had significant increases in 
BMI, WAZ and BAZ, whereas dentally untreated children in Group B did not. On the 
other hand, Group B children showed a significant increase in HAZ at the first follow-
up, whereas the average HAZ in Group A children declined by 0.1 z-scores.   
Multilevel analyses show that children in Group A had significantly greater weight 
gain after dental treatment, compared to untreated children in Group B (Table 4). 
This difference was observed whether weight gain was assessed using 
untransformed data, z-scores or as CGV. For example, on average all children in the 
study gained 0.49kg between baseline and the first follow-up. However, children in 
Group A had an additional average weight gain of 0.46kg compared to Group B 
children. Similar results were found for BMI values. Conversely, untreated children in 
Group B had more height gain compared to children in Group A, although this 
difference was not significant for height and CHV.   
 
 103 
The random effects variances show that 2.0% to 9.0% of the variance in height gain 
occurred at the day care center level and that 91.0% to 98.0% of the variance in 
height gain occurred at the individual level. Zero to 2.5% of the variation in weight 
gain and none of the variation in BMI occurred between day care centers. 
Furthermore, the effect of dental treatment on growth indicators was adjusted for the 
time interval between baseline and the follow-up measurement. The adjustment did 
not result in major changes of the results. 
Results for Group B at second follow-up 
Group B children had an average of 2.0±0.9 teeth extracted and were re-examined 
5.1±0.5 months after dental treatment. Children in Group B showed significant 
changes in weight, height, BMI, WAZ and BAZ after dental treatment (Table 3). They 
also showed a decline in HAZ after receiving dental treatment although it did not 
reach statistical significance. The growth pattern observed was similar to that 
recorded for Group A children after they had been treated (Table 3).  
 
Discussion  
The results of this cluster randomized clinical trial show a clear effect of extraction of 
severely decayed primary teeth on weight gain in underweight Filipino children, 
although there was no increase in height gain. The findings were consistent with 
previous non-controlled studies.8,10 However, our results differ from those of Gemert-
Schriks et al.11 and Alkarimi 12 who reported insignificant changes in mean 
anthropometric outcomes of dentally treated children compared to untreated controls, 
although the changes they reported in weight showed the same trend as those 
reported here. The difference in findings could be attributed to the fact that not all the 
children in their studies were underweight and children had less severe dental decay 
than in the present study. That could result in treatment having effect on weight gain, 
as there was less dental sepsis and dental impacts to eliminate. Another factor that 
affected the outcomes of Gemert-Schriks’ study is that dental infection was not 
eradicated; children developed new severe caries lesions during the course of their 
study.   
There are several plausible mechanisms for the effect of dental extractions of teeth 
with severe caries on increased velocity of weight gain.22 Untreated severe dental  
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Table 3. Anthropometric measurements at baseline, at first follow-up and for Group B at second follow-up  
 Group A  Group B 
 Baseline 1st follow-upa 
Treated  
Baseline 1st follow-upb 
Untreated  
2nd follow-upc§ 
Treated  
 mean (95% C.I.) mean (95% C.I.) mean (95% C.I.) mean (95% C.I.) mean (95% C.I.) 
Weight (kg) 13.9 (13.6, 14.2) 14.9 (14.6, 15.2)** 13.3 (13.0, 13.6) 13.8 (13.5, 14.1)** 15.3 (14.8, 15.8)** 
Height (cm) 102.4(101.5, 103.3) 103.9 (102.9, 104.9)** 100.4(99.3, 101.5) 102.4 (101.3, 103.5)** 104.7 (103.3, 106.0)** 
BMI (kg/m²) 13.3 (13.2, 13.4) 13.8 (13.6, 14.0)** 13.1 (13.0, 13.2) 13.2 (13.1, 13.3) 13.9 (13.6, 14.2)** 
WAZ (z-score) -2.1 (-2.2, -2.0) -1.8 (-1.9, -1.7)* -2.4 (-2.5, -2.3) -2.3 (-2.5, -2.1) -1.9 (-2.1, -1.7)** 
HAZ (z-score) -1.5 (-1.7, -1.3) -1.6 (-1.8, -1.4)** -1.9 (-2.1, -1.7) -1.8 (-2.0, -1.6)* -1.8 (-2.1, -1.5) 
BAZ (z-score) -1.6 (-1.7, -1.5) -1.2 (-1.3, -1.1)** -1.7 (-1.8, -1.6) -1.7 (-1.8, -1.6) -1.1 (-1.3, -0.9)** 
Paired T-test, * < 0.01 ** < 0.001   
a n=85, b n=79, c n=63, § 7 missing 
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Table 4. Anthropometric changes, comparing Group A with Group B*,between baseline and 1st follow-up  
 Fixed effects Random effects 
  
Intercept  
 
95% C.I. 
 
β† 
 
95% C.I. 
 
p-value 
1st level  
variance 
2nd level  
variance 
 
ICC (%) 
Δ Weight (kg) 0.49 (0.31, 0.67) 0.46 (0.20, 0.72)  < 0.01 0.42    0.01 1.7 
Δ WAZ (z-score) 0.02 (-0.06, 0.10) 0.23 (0.11, 0.35) < 0.01 0.14 0.00 0.0 
    CWV (SR) -0.39 (-0.64, -0.14) 0.70 (0.33, 1.07) < 0.01 0.90 0.02 2.5 
Δ Height (cm) 1.98 (1.57, 2.42) -0.61 (-1.28, 0.06)    0.06 2.00 0.14 9.0 
Δ HAZ (z-score) 0.05 (-0.04, 0.14) -0.14 (-0.28, 0.00)    0.04 0.09 0.01 2.0 
    CHV (SR) 0.13 (-0.18, 0.44) -0.35 (-0.81, 0.11)    0.12 0.91 0.08  7.3 
Δ BMI (kg/m²) -0.05 (-0.20, 0.10) 0.56 (0.34, 0.78 ) < 0.001 0.44 0.00 0.0 
Δ BAZ (z-score) -0.02 (-0.12, 0.16) 0.49 (0.29, 0.69) < 0.001 0.35 0.00 0.0 
    CBMIV(SR) -0.46 (-0.67, -0.25) 0.88  (0.57, 1.19) < 0.001 0.85 0.00 0.0 
* Multilevel model, adjusted for the time interval between baseline and 1st follow-up.  
† Regression coefficient: the reference is Group B.  
SR: Standardized residuals. 
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decay and the resulting pain may contribute to disturbed sleeping habits and 
inadequate caloric intake of children. Inadequate sleep may also affect secretion of 
growth hormones23 or may cause excessive energy expenditure, while impacts on 
eating may affect quality and quantity of nutritious food consumed. These theories 
are partially supported by findings from Anderson et al.24 and Acs et al.25 that showed 
that after dental treatment significant improvement was noted in the children’s pain 
and discomfort experience, sleep patterns and in their appetite and quantity of foods 
eaten. Another explanation is that dental inflammation from pulpitis and dental 
abscesses suppresses growth through a metabolic pathway by reducing hemoglobin 
as a result of depressed erythrocyte production in the bone marrow.26 However, 
based on currently available research, no theory can be confirmed or excluded.  
In the present study some children’s WAZ has deteriorated. This suggests that other 
medical, social, or environmental factors may have interacted in the association 
between severe dental decay and growth. Most of the children participating in this 
study were from very deprived municipalities, where access to food has the highest 
priority for a large segment of the population and could contribute to parental stress.27 
Several studies emphasized the importance of parental stress on the child’s failure to 
thrive.28 Other factors, such as poor environments, parasitic infections and dietary 
factors are more likely to have a stronger influence on weight gain than dental 
treatment. For example, the prevalence of soil-transmitted helminths infestation in 
under-5-year-olds in the Philippines ranged from 49% to 93%.29 Worm infestation has 
harmful impacts on nutrition as parasites retard growth through decreased nutrient 
intake and disturbed metabolism. Other medical factors such as anemia, infectious 
diseases, respiratory tract infections and diarrhea can play an important role in 
weight gain.28 These factors were not assessed in this study, and may result in an 
underestimation of the association between severe dental decay and growth. 
However, it is unlikely that those factors alone may explain the observed differences 
between Group A and B, since these factors were evenly distributed between the two 
groups.  
Another factor that should be noted is that a small number of children in the study 
had a higher pufa score than the number of teeth extracted during the intervention, 
because they required more extractions than was considered acceptable for such 
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young underweight children. The remaining teeth with pulp involvement that were not 
extracted may explain why there was deterioration in the weight-for-age of some 
children even after (partial) dental treatment.  
A notable finding in this study was that both Group A and Group B children 
significantly decreased in HAZ after they were dentally treated, while Group B 
children significantly improved in HAZ in the months before they received treatment. 
Height, however, takes more time to change than weight. Given the short time span 
of four months between dental treatment and follow-up, the significant HAZ changes 
could potentially be explained as saltation and stasis, whereby infant growth follows a 
series of rapid growth spurs (saltation), separated by periods of stasis.30 This 
indicates that children first accrue the necessary mass by putting on weight to 
subsequently grow in height. This may be an explanation for some of the significant 
fluctuations in HAZ observed in this study. 
One of the main strengths of this study was that the data were derived from a cluster 
randomized clinical trial, with data collected before and after the intervention. The 
findings show the benefit of the dental treatment on weight gain. A novel approach of 
this study is that growth indicators were analyzed as raw values, z-scores 
(standardized for age and sex from a reference population) and as conditional growth 
velocity (controlling for initial anthropometric measurements). Some potential 
limitations of this study should be taken into account. They include the relatively small 
sample size and the considerable number of children lost to follow-up. However, the 
81.2% follow-up rate is satisfactory, especially considering the difficult conditions 
prevailing at study sites.  
Further research is needed to investigate the effects of severe dental decay in 
children on body constitution and growth and the causal mechanisms for their 
relationship. Future studies need to investigate the metabolic pathways and 
incorporate parameters related to general health, infectious diseases, psychosocial 
relationships and environmental factors. Ideally, the measurements of these variables 
should precede the measurements of the outcomes, namely, ‘weight and height 
gain’, to assess temporality. The time span between dental treatment and the 
assessment of anthropometric measures should be prolonged and anthropometric 
indicators should be regularly monitored in order to investigate the effect of dental 
treatment on height.  
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Conclusions  
The findings of this study show that the treatment of severe dental caries significantly 
improves growth of underweight young children. This important relation between 
severe dental caries and child body constitution and general health must be 
investigated further since the burden of untreated dental caries is particularly high in 
deprived children in low- and middle-income countries. Vertical programs to improve 
nutritional status of underweight children will fail if they do not address the underlying 
reasons, and untreated dental decay is one of them. Feeding programs around the 
globe have incorporated deworming strategies as a prerequisite prior to feeding. If 
the demonstrated significant impact of oral health on body constitution is better 
understood, emphasis on prevention of dental decay and basic oral care need be one 
of the priorities of integrated health promotion programs as well as become part of 
feeding strategies to enhance the well-being of the millions of underweight children 
worldwide. 
 
Acknowledgements  
The authors express their sincere gratitude and appreciation to Dr C. Molo, G. 
Salipongo and R. Amante of the Community Health Care Center of Xavier University 
in Cagayan de Oro, Philippines, who carried out all the field work of this study. We 
thank Vilma Schug Padilla, the coordinator of the ‘Mother’s House’ in Cagayan de 
Oro for involving her network and facilitating contacts in the participating barangays. 
We also thank all barangay leaders, barangay health workers and nutrition scholars 
who supported the study in their villages. Without the substantial logistic support 
provided by Moresco Uno, the electric power cooperative of the province of Misamis 
Oriental the study would have not been possible. Financial support was provided by a 
grant of the FDI World Dental Federation. 
 
References 
1. Beaglehole R, Benzian H, Crail J, Mackay J. The oral health atlas: mapping a 
neglected global health issue. Geneva & Brighton: FDI World Dental Education 
Ltd & Myriad Editions; 2009. 
2. Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye C. The global 
burden of oral diseases and risks to oral health. Bull World Health Organ. 
2005,83:661-669. 
109 
 
3. Department of Education, Health and Nutrition Center. National oral health 
survey among the public school population in the Philippines. Manila; 2008. 
4. Miller J, Vaughan-Williams E, Furlong R, Harrison L: Dental caries and children's 
weights. J Epidemiol Community Health. 1982,36:49-52. 
5. Acs G, Lodolini G, Kaminsky S, Cisneros GJ. Effect of nursing caries on body 
weight in a pediatric population. Pediatr Dent. 1992;14:302-305. 
6. Ayhan H, Suskan E, Yildirim S. The effect of nursing or rampant caries on height, 
body weight and head circumference. J Clin Pediatr Dent. 1996;20:209-212. 
7. Benzian H, Monse B, Heinrich-Weltzien R, Hobdell M, Mulder J, van Palenstein-
Helderman W. Untreated severe dental decay: a neglected determinant of low 
Body Mass Index in 12-year-old Filipino children. BMC Public Health. 
2011;11:558. 
8. Acs G, Shulmann R, Ng MW, Chussid S. The effect of dental rehabilitation of the 
body weight of children with early childhood caries. Pediatr Dent. 1999;21:109-
113. 
9. Thomas CW, Primosch RE. Changes in incremental weight and well-being of 
children with rampant caries following complete dental rehabilitation. Pediatr 
Dent. 2002;24:109-113. 
10. Malek Mohammadi T, Wright CM, Kay EJ. Child growth and dental caries. 
Community Dent Health. 2009;26:38-42. 
11. van Gemert-Schriks MCM, van Amerongen EW, Aartman IHA, Wennink JMB, 
Ten Cate JM, de Soet JJ. The influence of dental caries on body growth in 
prepubertal children. Clin Oral Investig. 2011;15:141-149. 
12. Alkarimi HA. Impact of severe dental caries and dental treatment on Saudi 
children’s growth and quality of life. PhD thesis. University College London, 
Department of Epidemiology and Public Health; 2010.   
13. Yee R, Holmgren C, Mulder J, Lama D, Walker D, van Palenstein Helderman W. 
Efficacy of silver diamine fluoride for arresting caries treatment. J Dent Res. 
2009;88:644-647.  
14. World Health Organization. Oral Health Surveys. Basic Methods. 4th edition. 
Geneva; 2007.  
15. Monse B, Heinrich-Weltzien R, Benzian H, Holmgren C, van Palenstein 
Helderman W. PUFA – An index of clinical consequences of untreated dental 
caries. Community Dent Oral Epidemiol. 2010;38:77-82.  
16. Cogill B. Anthropometric Indicators Measurement Guide. Washington DC: Food 
and Nutrition Technical Assistance Project, Academy for Educational 
Development; 2001. 
17. WHO Multicentre Growth Reference Study Group. WHO Child Growth Standards 
based on length/height, weight and age. Acta Pædiatrica. 2006;450 (Suppl):76-
85.  
18. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. 
Development of a growth reference for school-aged children and adolescents. 
Bull WHO. 2007;85:660-667. 
110 
 
19. Galton F. Regression towards mediocrity in hereditary stature. J Anthrop Inst. 
1886;15:246-263. 
20. Cameron N, Preece MA, Cole TJ. Catch-up Growth or Regression to the Mean? 
Recovery from Stunting Revisited. Am J Hum Biol. 2005;17:412-417. 
21. Keijzer-Veen MG, Euser AM, van MN, Dekker FW, Vandenbroucke JP, Van 
Houwelingen HC. A regression model with unexplained residuals was preferred 
in the analysis of the fetal origins of adult diseases hypothesis. J Clin Epidemiol. 
2005;58:1320-1324. 
22. Sheiham A. Dental caries affects body weight, growth and quality of life in 
preschool children. Br Dent J. 2006;210:625-626.  
23. Takahashi Y, Kipnis D, Daughaday W. Growth hormone secretion during sleep. J 
Clin Invest. 1968;47:2079-2090. 
24. Anderson HK, Drummond BK, Thomson WM. Changes in aspects of children’s 
oral-health-related quality of life following dental treatment under general 
anaesthesia. Int J Paediatr Dent. 2004;14:317-325. 
25. Acs G, Pretzer S, Foley M, Ng MW. Perceived outcomes and parental 
satisfaction following dental rehabilitation under general anesthesia. Pediatr 
Dent. 2001;23:419-423. 
26. Means RT, Krantz SB. Progress in understanding the pathogenesis of the 
anemia of chronic disease. Blood. 1992;80:1639-1647.  
27. Monse B, Yanga-Mabunga S. National Oral Health Survey for the Philippines: 
Urgent Oral Needs. Developing Dentistry. 2007;8:7-9. 
28. Krugman SD, Dubowitz H. Failure to Thrive. Am Fam Physician. 2003;68:879-
884. 
29. Beasley NM, Tomkins AM, Hall A, Kihamia CM, Lorri W, Nduma B, Issae W, 
Nokes C, Bundy DAP. The impact of population level deworming on the 
haemoglobin levels of schoolchildren in Tanga, Tanzania. Trop Med Int Health. 
1999;4:744-750. 
30. Lampl M, Veldhuis JD, Johnson ML. Saltation and stasis: a model of human 
growth. Science. 1992;258:801-803.  
 
111 
 
 
 
 
 
CHAPTER 7 
 
 
Essential health care package for children - the ‘Fit 
for School’ programme in the Philippines 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Monse B, Naliponguit E, Belizario V, Benzian H, van Palenstein Helderman W. 
Essential health care package for children - the ‘Fit for School’ programme in the 
Philippines. Int Dent J. 2010; 60:85-93. 
112 
 
113 
 
Abstract 
High prevalence of poverty diseases such as diarrhoea, respiratory tract infection, 
parasitic infections and dental caries among children in the developing world calls for 
a return to primary health care principles with a focus on prevention. The ‘Fit for 
School’ programme in the Philippines is based on international recommendations and 
offers a feasible, low-cost and realistic strategy using the principles of health 
promotion outlined in the Ottawa Charter. The cornerstone of the programme is the 
use of school structures for the implementation of preventive health strategies. ‘Fit for 
School’ consists of simple, evidence-based interventions like hand washing with 
soap, tooth brushing with fluoride toothpaste and other high impact interventions 
such as bi-annual de-worming as a routine school activity for all children visiting 
public elementary schools. The programme has been successfully rolled-out in the 
Philippines covering 630,000 children in 22 provinces and it is planned to reach 6 
million children in the next three years. The programme is a partnership project 
between the Philippine Department of Education and the Local Government Units 
with support for capacity development activities from the German Development 
Cooperation and GlaxoSmithKline. 
 
Introduction 
Nearly 90% of the world’s school-aged children live in low- and middle-income 
countries1 where living conditions often result in high prevalence of poverty-related 
diseases. Whether at school or at home, overcrowded buildings, lack of clean water 
and sanitation facilities, poor awareness and poor personal hygiene practices cause 
serious health problems. Infectious diseases like diarrhoea, respiratory infections, 
skin diseases, worm infections and dental caries are very common, are often 
perceived as ‘normal’, are socially accepted and usually neglected. Such a 
problematic environment impacts on child health as well as on school attendance and 
academic performance and keeps children trapped in a cycle of diseases and poverty 
for a lifetime. 
In the light of unacceptable disparities in health, increased health care costs, 
unaffordable and unavailable health services, the WHO Commission on Social 
Determinants of Health2 has recently called for re-orientation towards prevention on a 
mass scale. Despite knowledge and ample evidence on the efficacy and cost-
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effectiveness of preventive measures there are only very few examples of broad 
scale implementation of such measures. The ‘Fit for School’ programme works on the 
premise that schools provide an ideal setting for introducing preventive measures for 
health with the objective of developing sustainable health promoting behaviour 
change and long-term health outcome improvements.  
This paper introduces the ‘Fit for School’ programme in the Philippines, which is 
focused on the institutionalisation of daily hand washing with soap, daily tooth 
brushing with fluoride toothpaste and bi-annual deworming of all children in public 
elementary schools. The first part of the paper highlights the evidence base for the 
interventions of the programme, the design and the policy basis from international 
recommendations; as well as the expected health outcomes based on published 
international research. The second part of the paper explains implementation, 
practical organisational issues and costs in detail. 
 
Prevailing child health problems in the Philippines, international 
recommendations and expected health benefits 
Common childhood infections 
Infectious diseases like diarrhoea and respiratory tract infections are among the top 
three mortality causes in the Philippines for children below 10 years of age. The 
Philippine Department of Health (DOH) estimates that every year 82,000 children die 
due to pneumonia, diarrhoea and respiratory tract infections.3 According to the DOH 
report, respiratory tract infection, diarrhoea and influenza are the three leading 
causes of morbidity for all age groups in the Philippines.  
Hand washing with soap is the single most effective intervention to prevent infectious 
diseases as it interrupts the transmission of diseases from one infected person to 
another. The UN General Assembly designated 2008 the International Year of 
Sanitation, and has declared October 15 as Global Hand washing Day to raise 
awareness of the importance of hand washing with soap and as a call for generally 
improved hygiene practices. Global Hand washing Day is a campaign to motivate 
and mobilise millions around the world to wash their hands with soap.4 The theme for 
the first Global Hand washing Day was ‘Focus on School Children’. The Philippines 
was among the member states who pledged support and mobilised school children to 
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wash their hands with soap. A recent review5 suggests that hand washing with soap 
at ‘critical moments’ after using the toilet, before preparing food and before eating 
can reduce diarrhoeal incidence by 42-47%, and results in up to 30% reduction of 
respiratory infections. Another study found that children under 15 years living in 
households receiving hand washing promotion and soap had half the diarrhoeal rates 
of children living in control neighbourhoods.6 Hand washing with soap is regarded to 
be more effective than any other single health intervention. 
Soil-transmitted helminth infections 
The prevalence of soil-transmitted helminth (STH) infection in pre-school children in 
the Philippines is 66%7, while the results of a recently concluded sentinel surveillance 
of STH infections using school children showed an infection rate of 54%.8 STH 
infections impair healthy nutrition9 through reduced food intake due to poor appetite 
and malabsorption.10 As a result, untreated STH infected children have higher levels 
of stunting11, lower body mass index, anaemia and undernourishment.7, 12, 13 The 
impaired metabolic functions trigger sleeplessness and negatively impact children’s 
motoric development and cognitive performance.14 STH infections early in life may 
therefore affect cognitive indicators which are measured later in life.15 
A school-based approach is the best way to reach the STH infected child population 
in the most cost-effective and systematic manner using the mass drug administration 
approach recommended by the WHO, without prior screening of children.16 This 
approach is recommended by the Integrated Helminth Control Programme that 
specifies a twice yearly de-worming every January and July each year in the school 
setting.17 
Anti-helminthic drugs can be included in large-scale public health interventions due to 
their safety and simple administration.18 Ample evidence clearly demonstrates that 
regular treatment of (STH) infections produces immediate as well as long-term 
benefits that significantly contribute to the positive health outcomes, particularly in 
schoolchildren.16 
The objective of regular de-worming in endemic STH areas is not to cure, because 
children will be re-infected after a short time. The intention of bi-annual de-worming is 
to control the level of infection and keep the worm burden of infected individuals 
below the threshold that causes morbidity.19 The prevalence of heavy STH infections 
declines by 30% after biannual drug treatment. In Uganda, children’s weight was 
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10% greater after treatment with albendazole every six months as compared to those 
who did not receive this treatment.20 In the slums of urban India, a series of studies 
have been conducted on the effect of bi-annual de-worming using albendazole. 
Results show that stunting of infants and pre-school children was reduced by 9.4% 
and weight improved by 35% within two years.21 
Untreated dental caries  
A recent National Oral Health Survey (NOHS)22 showed that 97% of the grade I 
children (6 ± 1 year) and 82% of the grade VI children (12 ± 1 year) suffered from 
tooth decay. These grade I / grade VI children had on an average 9 / 3 decayed 
teeth; 40% / 41%, of decayed teeth had progressed into decay with pulpal 
involvement.23 The prevalence of school children with pulpally involved teeth 
(odontogenic infections) in grade I and VI was 85% and 56%, respectively.23 
Odontogenic infections in grade I and VI school children in the Philippines are 
associated with low BMI.22 Chronic inflammation from odontogenic infection may 
affect metabolic pathways leading to anaemia;24 20% of the grade I children and 16% 
of the grade VI children reported toothache at the time of examination for the NOHS. 
Toothache impacts on food intake because eating is painful.25 It also impacts on 
sleep and on quality of life26 and is the main reason for school absenteeism in the 
Philippines.27 
The WHO and the FDI World Dental Federation clearly state that: 
1) Prevention of tooth decay by using fluoride is the most realistic way of 
reducing the burden of tooth decay in populations 
2) Fluoride toothpaste remains the most widespread and significant form of 
fluoride used globally and the most rigorously evaluated vehicle for fluoride 
use 
3) Fluoride toothpaste is safe to use  
4) Promoting the use of effective fluoride toothpaste twice a day is strongly 
recommended.28 
A resolution on oral health, adopted by the 60th World Health Assembly of WHO in 
2007, urges governments ‘to promote oral health in schools, aiming at developing 
healthy lifestyles and self care practices in children’.29 By implementing the above 
international recommendations, substantial return in terms of reduced morbidity, 
improved growth, and improved educational outcomes can be achieved.30 
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A Cochrane review has confirmed the anti-caries efficacy of daily use of fluoride 
toothpaste.31 A 2-year school-based fluoride toothbrushing programme in high risk 
school children in Scotland showed a reduction in caries increment of 56%.32 A long 
lasting effect was shown by the fact that four years after termination of the 2-year 
school-based fluoride tooth brushing programme a reduction in caries increment of 
39% was still seen.33 In Indonesia, a 3-year school-based tooth brushing programme 
with fluoride toothpaste resulted for different age groups in up to 40% reductions in 
caries.34 In the Philippines, daily school-based fluoride tooth brushing in pilot school 
studies have resulted in 40% caries reduction and in 60% reduction of caries 
progression into the pulp.35 
In summary, the high prevalence of infectious diseases, STH and odontogenic 
infections and toothache in Filipino school children strongly influence the physical 
and mental development of children, their quality of life, their ability to learn, their 
productivity and mobility. Institutionalization of the above mentioned interventions in 
public elementary schools has high potential to significantly improve health and 
wellbeing of the child population in the Philippines. 
 
School-based health promotion goes beyond health education - the setting 
approach 
Education is the backbone of development in any given country. An effective 
educational system implies that children are healthy and in every way ‘fit for school’. 
Therefore, intersectoral approaches are required, linking the education and health 
sectors in joint programs. At the World Education Forum in Dakar in 2000, WHO, 
UNICEF, UNESCO and the World Bank agreed to join forces for implementation of 
school health programmes and developed a common framework. They launched the 
Focusing Resources on Effective School Health (FRESH) framework36, which 
promotes action-based school health programmes that go far beyond the previous 
concept of health education. 
For decades, school health programmes around the globe emphasized acquisition of 
knowledge through education in school in the belief that knowledge eventually leads 
to motivation and behaviour change of children at home. However, accumulating 
evidence reveals that health education increases children’s knowledge, but it does 
not change behaviour.37 Behaviour is mainly determined by social and cultural 
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determinants and the environment.38 Health promotion based on the principles of the 
Ottawa Charter39 covers a broader area than health education since it includes 
activities that enable individuals and communities to increase control over the 
determinants of their (oral) health. It implies that promotion of (oral) health beyond 
health education enables children to adopt healthy habits. This implies that the 
school itself becomes a ‘healthy place’ where healthy habits are institutionalized in 
daily school life. The public elementary school system ideally reaches a large 
proportion of the child population between 6 and 12 years of age; and through these 
children, their parents and other family members. Schools are the second home for 
children and therefore the right places to familiarize them with health and behavioural 
aspects.  
 
‘Fit for School’ - an intersectoral concept 
In the Philippines the FRESH framework has been applied to conceptualize and 
implement the ‘Fit for School’ programme. It promotes an Essential Health Care 
Package (EHCP) for schoolchildren focusing on the most prevalent diseases of 
children in the Philippines: respiratory tract infections, diarrhoea, STH infections and 
tooth decay. The ‘Fit for School’ programme intervenes to institutionalize:  
 Daily supervised hand washing with soap  
 Daily supervised tooth brushing with fluoride toothpaste  
 Bi-annual de-worming of all children by supervised digesting of an albendazole 
tablet. 
As a general principle of school health programmes, a clear definition of roles and 
responsibilities has been agreed between government agencies mandated with 
health and education (intersectoral approach). The ‘Fit for School’ programme is 
implemented within the education sector, while the responsibility to finance and 
procure the needed consumables (soap, toothpaste, toothbrush and medication) lies 
with the health sector of the provincial governments. 
The active participation of teachers and the community through Parents Teacher 
Community Association (PTCA) is a prerequisite for implementing the programme. 
The PTCA takes the lead in the construction of the facilities (Table 1) necessary to 
run the ‘Fit for School’ programme, such as access to water and a place where 
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handwashing and toothbrushing can be done as class activity (Figures 1 and 2, Table 
2). Each classroom is provided with a health corner where the necessary materials 
are stored (Figure 3, Table 3) and a toothbrush holder, which children can easily 
reach (Figure 4) The PTCA lobbies for the allocation of funds for improvement and 
maintenance of water and sanitation facilities within the community council.  
 
Table 1. Guidelines for the construction of facilities for hand washing and tooth brushing 
             
 Hand washing and tooth brushing as a daily routine activity with the whole class takes 
place outside the classroom 
 All children of a class line up and perform the activity in an organized way 
 If running water is not available, the hand washing and tooth brushing is performed in 
front of a simple bamboo, PVC pipe or galvanized gutter 
 Rinsing of hands and brushes is performed from a water jug or pail at one end of the 
trough or pipe 
 The trough has a down grade construction, allowing water to flow to one end where 
water drain away through a hole 
 Simple roof over the trough allows hand washing and tooth brushing under all 
weather conditions 
             
 
Table 2. Guidelines for the toothbrush holder 
             
 Each child receives per year one toothbrush with a head cover, which is stored in a 
toothbrush holder inside the classroom 
 The toothbrush holder is fixed to the wall, so that children can easily reach them 
 The material of the holder is made of easily washable material e.g., cloth or plastic 
 The toothbrush holder is big enough for a fixed place for each child’s toothbrush and 
has enough space between the brushes to avoid cross infection 
 The spacing slots cover the handle but not the head of the toothbrush to avoid 
moulding 
 Each spacing slot and each brush is clearly labelled to avoid mixing up of brushes 
             
 
In the ‘Fit for School’ programme, children are not only the beneficiaries but also the 
prime actors. Children are encouraged to develop their leadership skills and to take 
responsibility for the daily hand washing and tooth brushing as a group activity of the 
entire class in an organized manner. The programme is institutionalized through an 
executive order within the administrative school system. The implementation is 
supported by clear technical guidelines for daily hand washing (Table 4) and daily 
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tooth brushing (Table 5). Manuals and posters in all implementing schools promote a 
consistent message. 
Table 3. Guidelines for the health corner 
             
 The health corner is a clean and well lighted place, which is inviting for children  
 Availability of water, either from a tap or from a jug. 
 Availability of a nail cutter, to be only used under the supervision of the teacher 
 Availability of fluoride toothpaste 
 Availability of a toothbrush holder 
 No towels are needed, because towels are a source of infection after the first use 
             
 
 
Table 4. Guidelines for daily hand washing 
             
 Wet your hands with clean water and apply soap  
 Rub your hands together to make lather and scrub all surfaces for at least 20 
seconds. Imagine singing the ‘Happy Birthday’ song twice to a friend 
 Rinse your hands with water from the tap or a water jug 
 Dry your hands by shaking them in the air. Do not use a towel since a towel is a 
source of infection 
 Remember: wash your hands always before eating, after playing with animals and 
after coming from the toilet 
             
 
 
 
 
  
Figure 1. Hand washing as school activity Figure 2. Children brushing their teeth together 
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Figure 3. Materials have to be properly stored Figure 4. Personalized toothbrushes 
  
Figure 5. Children are partners Figure 6. Mass Drug Administration for de-worming 
 
Table 5. Guidelines for daily tooth brushing  
              
 Press the dispenser once for one drop of toothpaste on your dry toothbrush. No need 
to wet the brush with water 
 Line up outside at the dental trough 
 Brush all tooth surfaces especially your teeth in the back of your mouth for two 
minutes. Imagine counting from 1 to 50 while brushing your upper teeth and another 
50 counts for the lower teeth  
 Feel with your tongue if all surfaces are smooth, brush again, where you feel rough 
areas 
 Just spit the toothpaste out. Do not rinse your mouth because the rinsing will reduce 
the positive effect of the fluoride 
 Wipe your mouth using your hands with some water 
 Rinse your toothbrush with water 
 Place your toothbrush back in the toothbrush holder at your assigned place 
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Table 6. Guidelines for mass de-worming 
              
 The DepEd health personnel in collaboration with the local community health workers 
will inform parents and teachers on mass de-worming to address all questions and 
concerns 
 The parents need to sign their informed consent 
 The teacher will call five children at a time and distribute the de-worming tablets, 
which will be chewed by the children immediately under direct observation of the 
teachers  
 PTCA volunteers will assist the teacher in the documentation 
 This procedure will take place every six months 
            
       
 
Children take care of the following: 
1) Handing out the toothbrushes from the toothbrush holders 
2) Distributing the toothpaste through a dispenser (one push on the dispenser 
gives a pea size amount of toothpaste (Figure 5) 
3) Keeping the washing facilities clean 
4) Reporting difficulties to the teachers. 
The involvement of the teachers is limited to a supervisory and coordinating role in 
this daily routine activity. 
The teacher’s role is: 
1) To collaborate with the homeroom PTCA concerning the construction of 
needed facilities 
2) Give lessons related to importance of personal hygiene and STH infection 
3) Designate responsibilities to the children’s leaders 
4) Oversee the smooth flow and conduct of daily activity 
5) Distribute the de-worming tablets to the school children twice a year in 
accordance with guidelines (Figure 6, Table 6) 
6) Report any difficulty and seek support of the principal or school nurse 
The role of the school principal is to: 
1) Ensure that daily hand washing and tooth brushing and bi-annual de-worming 
is carried out in their school  
2) Ensure availability of consumables 
3) Communicate with the school nurse and PTCA concerning the state of affairs. 
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The role of the school nurse is to: 
1) Orient school administrators and teachers on the programme 
2) Conduct the monitoring of the ‘Fit for School’ programme at least twice a year 
in all the schools in his/her area of responsibility together with a PTCA 
representative of the respective school and one community representative  
3) Give feedback to teachers, the principal and the PTCA representative on the 
state of affairs and explain if there is room for improvements 
4) Participate in PTCA meetings. 
Due to the strong involvement of children and parents, the daily extra work related to 
the ‘Fit for School’ programme is rather limited. Since the allocation of funds for the 
consumables (soap, toothbrush, toothpaste, deworming tablets) is an agreed 
responsibility of the local government, sustainability of the ‘Fit for School’ programme 
is ensured.  
The ‘Fit for School’ programme is also an entry point for improvement of other areas 
of school health. Washing programmes need access to water, which is not available 
in nearly half of the public elementary schools in the country. In these schools 
children need to bring water from a nearby well or water source. Through the 
programme, the issue of lack of sanitation facilities has been brought to the attention 
of community councils, teachers’ organizations, and even the media. Approaching 
elections and the stimulated demand have made access to water and improvement 
of sanitation a priority in many villages. Waterless sanitation systems have been 
implemented in 10 schools to further explore the feasibility and sustainability of 
alternative concepts. In some provinces, local governments have learned to 
appreciate the benefits of school health programmes and have allocated budget for 
other important health interventions like vitamin A and iron supplementation. Basic 
oral treatment (tooth extraction) of children with toothache and odontogenic infections 
may even be considered for the near future. A ban of vendors and banning smoking 
on school premises, the implementation of garbage segregation, establishing school 
gardens and agreeing on child seeking policies (actively indentifying children who 
dropped school and trying to bring them back to school) are examples of additional 
activities within the ‘Fit for School’ programme. 
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Costs of the ‘Fit for school’ programme 
The costs for the programme are comparably low due to the fact that implementation 
and monitoring are carried out with the existing workforce of the Department of 
Education, with support from elected representatives of the parents and the village 
community. The required materials (1 toothbrush, 60ml toothpaste, 45g soap and 2 
de-worming tablets) are available at around €0.5 per child per year. Fluoride 
toothpaste is produced by a local toothpaste manufacturer, tested for anti-caries 
efficacy and distributed to schools in dispensers.  
The general belief that toothbrushes have to be replaced each 3-4 months is not 
evidence-based. The percentage reduction in plaque scores achieved with 3-month-
old toothbrushes with various degrees of wear were not significantly different from 
those achieved with new brushes in the same adult subjects.40,41 It was, furthermore 
found that heavily worn 14-month-old toothbrushes in the hands of 7- and 8-year-old 
children are not less effective than new toothbrushes with regard to plaque removal 
capacity.42 It was therefore decided to provide each child with a new toothbrush per 
year, so reducing the costs of the ‘Fit for School’ programme.  
Since the health sector in the Philippines is decentralized, the funding of health care 
is a local matter. City and provincial governments provide the budget needed for 'Fit 
for School’. Currently 22 different local governments provided funds and purchased 
the needed materials so that 630,000 children have access to an ‘Essential Health 
Care Package’ in their public elementary school. Evaluation of the implementation 
level per school (adherence to guidelines) is subject of intensive investigation and will 
identify strength and challenges of the programme. 
Costs for capacity development workshops like strategic planning, orientation 
courses for medical and administrative personnel, practical skills of how to finance, 
implement and monitor the programme have been shouldered by international 
development partners as German Development Cooperation and GlaxoSmithKline. 
 
How a small local project became a national policy 
The ‘Fit for School’ programme started as a small-scale oral health project in the 
province of Misamis Oriental in Mindanao. The initial school health programme 
depended on NGO funding. NGO support was important for starting pilot projects, as 
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a learning experience and for improving the concept before introducing them to 
government agencies for funding and political support. In 2003, school-based fluoride 
tooth brushing programmes were implemented in pilot schools in Cagayan de Oro, 
financed by the city government. Through pilot projects in schools the practical ‘ins 
and outs’ of running school based toothbrushing programmes, the development of 
appropriate material, the government procurement process, the implementation 
guidelines and the collaboration with the community were mapped out. These 
successful pilot school projects served as a basis for an advocacy process aiming to 
inform the public and local decision makers about the prevailing health problems of 
school children about; how these problems could be addressed, the feasibility of a 
school-based programme, the expected health outcomes and, of course, the costs 
involved. As a result of this advocacy process a more comprehensive ‘Fit for School’ 
programme including daily hand washing and de-worming was born.  
In 2007, Misamis Oriental was the first province conducting this programme in all its 
elementary schools covering 110,000 children. Thanks to a continuous advocacy 
process with strong political support from the local governor and with convincing 
evidence regarding feasibility, affordability and impressive expected health benefits, it 
became possible to generate interest of national politicians and health care planners. 
‘Fit for School’ finally received national support and was lifted from the provincial level 
to a national policy and became a flagship program of the Department of Education.43  
In 2008, 19 other provinces in the Philippines started to implement the ‘Fit for School’ 
programme in pilot areas. Convincing political leaders and several workshops for 
members of the health and education sectors of participating provinces provided the 
basis for agreeing on administrative structures, allocation of funds, procurement and 
responsibility issues as well as monitoring tools. Currently, there are plans to scale-
up the coverage beyond the pilot schools in these provinces. The total number of 
children enrolled in public elementary schools in the Philippines is 13 million and the 
goal is to cover at least 50 % of them in the next three years. 
 
Conclusion 
The convincing concept of the ‘Fit for School’ programme, addressing high-impact 
childhood diseases in a comprehensive, yet simple and cost-effective package, 
provides the backdrop for a fascinating public health success story that has all the 
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necessary ingredients: A child population in dire need and with serious health 
problems impacting on physical and mental development, solid, evidence-based 
interventions addressing serious, but common childhood diseases: 
 A unique package bundling these interventions together in the traditional, yet new 
setting of primary schools. 
 A very practical and pragmatic application of international policies and agreed 
frameworks on the national level. 
 A targeted advocacy strategy based on sound and convincing arguments that 
ensures highest political support and priority for the programme International 
development and industry partners that follow and support the programme at 
arm’s length and give it the required start-up initiative.  
Thanks to the simplicity of the concept and the modular structure of the programme it 
is hoped that similar programmes will be developed in other countries, adapted to the 
local situation, but showing similar public health success. 
 
References 
1. U.S. Census Bureau. International Data Base (IDB). Global Population-Profile; 
2008. http://www.census.gov/cgi-bin/ipc/idbagg (accessed 27.08.2008). 
2. Commission on Social Determinants of Health. Closing the gap in a generation: 
health equity through action on the social determinants of health. Geneva: WHO; 
2008. http://www.who/int/social_determinants/en/(accessed 25.05.2008).  
3. Department of Health, Republic of the Philippines. 2008. http://www.doh.gov.ph 
(accessed 27.04.2009). 
4. Blobal Handwashing Day. WHO; 2008. 
http://www.who.int/gpsc/events/2008/15_10_08/en/index.html(accessed  
27.04.2009). 
5. Curtis V, Cairncross S. Effect of washing hands with soap on diarrhoea risk in the 
community: a systematic review. Lancet Infect Dis. 2003;3:275-281. 
6. Luby SP, Agboatwalla M, Painter J, Altaf A, Billhimer WL, Hoekstra RM. Effect of 
intensive handwashing promotion on childhood diarrhea in high-risk communities 
in Pakistan: a randomized controlled trial. JAMA. 2004;291:2547–2554. 
7. de Leon W and Lumampao Y. Nationwide Survey of Intestinal Parasitosis in Pre-
school Children. Manila: 2005. (Final report submitted to UNICEF).  
8. Belizario VY, de Leon WU, Lumampao YF, Anastacio MB, Tai CM. Sentinel 
surveillance of soil-transmitted helminthiasis in selected local government units in 
the Philippines. Asia Pac J Public Health. 2009;21:26-42. 
127 
 
9. Stephenson LS, Latham MC, Ottesen EA. Malnutrition and parasitic helminth 
infections. Parasitology. 2000;121 Suppl:S23–38. 
10. Crompton DW, Nesheim MC. Nutritional impact of intestinal helminthiasis during 
the human life cycle. Annual Rev Nutr. 2002;22:35–59. 
11. Stoltzfus RJ, Albonico M, Tielsch JM, Chwaya HM, Savioli L. Linear growth 
retardation in Zanzibari school children. J Nutr. 1997;127:1099–1105. 
12. Dantzer R. Cytokine-induced sickness behavior: where do we stand? Brain 
Behav Immun. 2001;15:7–24.  
13. Stoltzfus RJ, Chway HM, Montresor A, Tielsch JM, Jape JK, Albonico M, Savioli 
L. Low dose daily iron supplementation improves iron status and appetite but not 
anemia, whereas quarterly anthelminthic treatment improves growth, appetite 
and anemia in Zanzibari preschool children. J Nutr. 2004;134:348–356. 
14. Ezeamama AE, Friedman JF, Acosta LP, Bellinger DC, Langdon GC, Manalo DL, 
Olveda RM, Kurtis JD, McGarvey ST. Helminth infection and cognitive 
impairment among Filipino children. Am J Trop Med Hyg. 2005;72:540–548. 
15. Kvalsvig J. Intestinal nematodes and cognitive development. In: Holland CV, 
Kennedy MW, editors. World class parasites. Vol 2. The geohelminths: Ascaris, 
trichuris and Hookworm. London: Kluwer Academic Publishers; 2002; pp. 63-73. 
16. World Health Organization. Deworming for health and development. Report of 
the Third Global Meeting of the Partners for Parasites Control, 29-30 November 
2004. Geneva: World Health Organization; 2005. 
17. Department of Health, Republic of the Philippines. Administrative Order No. 
2006–0028. Strategic and Operational Framework for Establishing Integrated 
Helminth Control Program (IHCP). Manila, Department of Health; 2006. 
18. Urbani C, Albonico M. Anthelminthic drug safety and drug administration in the 
control of soil-transmitted helminthiasis in community campaigns. Acta Trop. 
2003;86:215–221.  
19. Savioli L, Bundy D, Tomkins A. Intestinal parasitic infections: a soluble public 
health problem. Trans R Soc Trop Med Hyg. 1992;86:353-354.  
20. Alderman H, Konde-Lule J, Sebuliba I, Bundy D, Hall A. Effect on weight gain of 
routinely giving albendazole to preschool children during child health days in 
Uganda: cluster randomized controlled trial. Br Med J. 2006;333:122-127. 
21. Awasthi S, Pande VK. Six-monthly de-worming in infants to study effects on 
growth. Indian J Pediatr. 2001;68:823–827.  
22. Department of Education. National Oral Health Survey among the Public School 
Population in the Philippines 2006. Manila: Department of Education; 2008. 
23. Monse B, Heinrich-Weltzien R, Benzian H, Holmgren C, van Palenstein 
Helderman W. PUFA – An index of clinical consequences of untreated dental 
caries. Community Dent Oral Epidemiol. 2010;38:77–82.  
24. Means RT Jr. Recent developments in the anemia of chronic disease. Curr 
Hematol Rep. 2003;2:116–121.  
25. Acs G, Shulman R, Ng MW, Chussid S. The effect of dental rehabilitation on the 
body weight of children with early childhood caries. Pediatr Dent. 1999;21:109–
113. 
128 
 
26. Low W, Tan S, Schwartz S. The effect of severe caries on the quality of life in 
young children. Pediatr Dent. 1999;21:325–326.  
27. Araojo JR. Philippine country report on school health promotion programme. 2nd 
Asian conference on oral health promotion for school children. Prospectus for our 
future generation. Ayuthaya, Thailand. Thammasat University. 2003: 103-110.  
28. World Health Organization. Beijing Declaration. Call to action to promote oral 
health by using fluoride in China and Southeast Asia. 2007. 
http://www.who.int/oral_health/events/oral%20health.pdf 
29. World Health Organization. Oral health: action plan for promotion and integrated 
disease prevention. Report by the Secretariat 2007. DocumentA60/16; 
http://www.who.int/gb/ebwha/pdf_files/WHA60_16-en.pdf 
30. World Health Organization. Preventive chemotherapy in human helminthiasis. 
Coordinated use of antihelminthic drugs in control interventions- guidelines for 
health professionals and programme managers. 2006; pg 62. 
31. Marinho VCC, Higgins JPT, Logan S, Sheiham A. Fluoride gels for preventing 
dental caries in children and adolescents. Cochrane Review in the Cochrane 
Library, Issue 3, 2003. 
32. Curnow MMT, Pine CM, Burnside G, Nicholson JA, Chesters RK, Huntington E. 
A randomised controlled trial of the efficacy of supervised toothbrushing in high-
caries-risk children. Caries Res. 2002;36:294-300. 
33. Pine CM, Curnow MMT, Burnside G, Nicholson JA, Roberts AJ. Caries 
prevalence four years after the end of a randomised controlled trial. Caries Res. 
2007;41:431-436.  
34. Adyatmaka A, Sutopo U, Carlsson P, Bratthall D, Pakhomov G. School-based 
primary preventive programme for children. Affordable toothpaste as a 
component in primary oral health care. Experiences from a field trial in 
Kalimantan Barat, Indonesia. 
http://www.whocollab.od.mah.se/searo/indonesia/afford/whoafford.html 
35. Monse B. Unpublished data. 2009. 
36. WHO, UNESCO, UNICEF, World Bank. Focusing Resources on Effecive School 
Health: a FRESH start to enhancing the quality and equity of education. World 
Education Forum. Final report. Dakar, Senegal: WHO, UNESCO, UNICEF, World 
Bank: 2000. http://www.freshschools.org/Pages/default.aspx (accessed 
27.04.2009). 
37. Kay EJ, Locker D. Is dental health education effective? A systematic review of 
current evidence. Community Dent Oral Epidemiol. 1996;24:231–235. 
38. Watt RG. From victim blaming to upstream action: tackling the social 
determinants of oral health inequalities. Community Dent Oral Epidemiol. 
2007;35:1–11.  
39. World Health Organization. The Ottawa charter for health promotion. Health 
promotion 1. Geneva: World Health Organization; 1986. 
40. Tan E, Daly C. Comparison of new and 3-month-old toothbrushes in plaque 
removal. J Clin Periodontol. 2002;29:645–650.  
129 
 
41. Hogan LM, Daly CG, Curtis BH. Comparison of new and 3-month-old brush 
heads in the removal of plaque using a powered toothbrush. J Clin Periodontol. 
2007;34:130–136.  
42. van Palenstein Helderman WH, Kyaing MM, Aung MT, Soe W, Rosema NA, van 
der Weijden GA, van ‘t Hof MA. Plaque removal by young children using old and 
new toothbrushes. J Dent Res. 2006;85:1138-1142.  
43. Tubeza P. DepEd to cut absenteeism with health packs. Philippine Daily Inquire. 
2009. http://newsinfo.inquirer.net/breakingnews/nation/view/20090331-
197163/DepEd-to-cut-absenteeism-with-health-packs (accessed 11.05.2009). 
 
130 
 
 
 
 
131 
 
 
 
 
 
CHAPTER 8 
 
 
The Fit for School health outcome study – a 
longitudinal survey to assess health impacts of an 
integrated school health programme in the 
Philippines  
 
 
 
 
 
 
 
 
 
 
Monse B, Benzian H, Naliponguit E, Belizario V Jr., Schratz A, van Palenstein 
Helderman W. The Fit for School health outcome study – a longitudinal survey to 
assess health impacts of an integrated school health programme in the Philippines. 
BMC Public Health. 2013; 13: 256. 
132 
 
133 
 
Abstract 
Background: Child health in many low- and middle-income countries lags behind 
international goals and affects children’s education, well-being, and general 
development. Large-scale school health programmes can be effective in reducing 
preventable diseases through cost-effective interventions. This paper outlines the 
baseline and 1-year results of a longitudinal health study assessing the impact of the 
Fit for School programme in the Philippines. 
Methods: A longitudinal 4-year cohort study was conducted in the province of 
Camiguin, Mindanao (experimental group); an external concurrent control group was 
studied in Gingoog, Mindanao. The study has three experimental groups: group 1 – 
daily handwashing with soap, daily brushing with fluoride toothpaste, biannual 
deworming with 400mg albendazole (Essential Health Care Programme [EHCP]); 
group 2 – EHCP plus twice-a-year access to school-based Oral Urgent Treatment 
(OUT); group 3 – EHCP plus weekly toothbrushing with high-fluoride concentration 
gel. A non-concurrent internal control group was also included. Baseline data on 
anthropometric indicators to calculate body mass index (BMI), soil-transmitted 
helminths (STH) infection in stool samples, and dental caries were collected in 
August 2009 and August 2010. Data were analysed to assess validity of the control 
group design, baseline, and 1-year results.  
Results: In the cohort study, 412 children were examined at baseline and 341 one 
year after intervention. The baseline results were in line with national averages for 
STH infection, BMI, and dental caries in group 1 and the control groups. Children lost 
to follow-up had similar baseline characteristics in the experimental and control 
groups. After one year, group 1 showed a significantly higher increase in mean BMI 
and a lower prevalence of moderate to heavy STH infection than the external 
concurrent control group. The increases in caries and dental infections were reduced 
but not statistically significant. The results for groups 2 and 3 will be reported 
separately. 
Conclusions: Despite the short 1-year observation period, the study found a reduction 
in the prevalence of moderate to heavy STH infections, a rise in mean BMI, and a 
(statistically non-significant) reduction in dental caries and infection. The study design 
proved functional in actual field conditions. Critical aspects affecting the validity of 
cohort studies are analysed and discussed. 
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Background 
The health and education of children are a public good that lies at the core of 
government policies and programmes. The Millennium Development Goals have 
encouraged significant resource allocation to these two sectors, which are closely 
related to long-term poverty reduction and development, and much progress has 
been made. Still, many low- and middle-income countries are unlikely to reach the 
health- and education-related targets to which they have committed themselves. The 
2011 United Nations Millennium Development Goals Report clearly states, ‘Despite 
real progress, we are failing to reach the most vulnerable’.1  
As a low-middle-income country, the Philippines is one such case: there are 
persisting high levels of preventable diseases among children in addition to poor 
primary education indicators.2 Ill health is the main reason for school absenteeism 
and dropouts (about 40% of dropouts are due to illness; toothache is the most 
common reason for absenteeism).3-5 Filipino children mainly suffer from a few 
widespread diseases: diarrhoea, pneumonia and respiratory infections are the 
leading cause of death (82,000 children in the 5- to 12-year age group die from these 
every year), and 54% of children are infested with soil-transmitted helminths (STH).6-8 
One-third of children are stunted, and 17% have a below-normal body mass index 
(BMI).9 The prevalence of dental caries is extreme: more than 97% of 6-year-old 
children suffer from tooth decay, it usually goes untreated, which leads to very high 
rates of dental infection (85% of 6-year olds show such signs).10 
Essential health care programme in the Philippines 
School health programmes have the potential to contribute significantly to preventing 
and controlling key diseases in children, particularly if the programmes are able to 
systematically reach mass numbers of children, thereby producing benefits for both 
health and education.11,12 The Philippine Essential Health Care Program (EHCP), 
also known as the Fit for School programme, aims to address some of the major 
diseases that affect the Filipino child population through simple, evidence-based,  
integrated approaches.13-15 The EHCP currently targets more than two million 
children in the Philippines. The EHCP was developed by the Health and Nutrition 
Center of the Department of Education Central Office and the Philippine National 
Institutes of Health. However, it operates in the greater context of official 
development assistance linking Philippine and European universities. As a result, the 
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EHCP was developed in close cooperation with the following organizations: the 
German Development Cooperation (GIZ); the World Health Organization (WHO) 
Collaborating Center for Prevention of Oral Diseases at the University of Jena in 
Germany, the former WHO Collaborating Center on Oral Health Care and Future 
Scenarios in Nijmegen, the Netherlands; and Xavier University in Cagayan de Oro, 
Philippines.  
The EHCP aims to improve child health and development by institutionalization of 
three preventive interventions within public elementary schools in the Philippines: 
daily supervised handwashing with soap and clean water; daily supervised brushing 
with fluoride toothpaste; and biannual deworming via mass drug administration. This 
innovative approach is conceptually based on the Fit for School Action Framework 
which outlines the principles of simplicity, scalability and sustainability.16 The 
approach was awarded by the Worldbank, UNDP and the WHO for innovation in 
global health in 2009. 
Fit for School health outcome study 
The Fit for School Health Outcome Study (FITHOS) is a longitudinal cohort survey 
whose objective is to provide data on the impact of established interventions that are 
part of the EHCP and implemented in the schools using the manpower and financial 
resources of the government school system. The FITHOS is financed by GIZ and 
conducted by local institutions (such as the regional Department of Education Health 
and Nutrition Unit in Cagayan de Oro). This study is part of efforts to improve local 
capacity in applied research, and it aims to provide evidence for informed 
management and policy decisions.  
The FITHOS is a large study, and it includes a range of health and health-related 
parameters, e.g. quality of life, school days lost because of illness, and education 
performance. Furthermore, two interventions toward controlling dental caries are also 
part of the FITHOS in order to asses their impact and feasibility in the school context. 
The details of those dental interventions, however, are not presented in this paper 
owing to lack of space and will be reported in a separate publication. We will 
introduce and discuss the methodology of this community trial and briefly present the 
baseline and 1-year data as the direct health outcomes of the three integrated 
interventions of the EHCP.  
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Methods 
Study design 
The study applies a longitudinal cohort design over a period of four years with an 
external concurrent control group and an internal (within-school) non-concurrent 
control group (Figure 1).  
 
Figure 1. Longitudinal cohort design with an external concurrent control group and an internal 
non-concurrent control group. a. Data collection & comparisons for concurrent external 
control group. B Data collection & comparisons for non-concurrent internal control group. 
 
 
The study started in 2009 with baseline data collection among first-grade students (6-
7-years old) of public elementary schools on the island province of Camiguin. 
Subsequent annual data collection has been scheduled for August of every following 
year up to 2013 (with optional extension until 2014). Camiguin was selected because 
 
a 
b 
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of its comparably low migration rate and stable socio-economic indicators. Based on 
a local government decision to implement the EHCP in the entire province, it was not 
possible to assign a control group with children not participating in the EHCP in that 
province. An external concurrent control group was therefore identified in Gingoog, 
Misamis Oriental, Northern Mindanao. The local government authorities of Gingoog 
had no intention of implementing the EHCP during the study period, and the local 
child population was similar to that in Camiguin in terms of  health and socio-
economic characteristics. 
Public elementary schools participating in the study (experimental and control 
groups) were selected based on two criteria: 1) Location along a highway or no more 
than one kilometre from a highway; and 2) no problems related to law and order in 
the surrounding community. 
The calculation of the study cohort size was based on the following assumptions: a 
50% reduction in the prevalence of moderate to heavy STH infections; an assumed 
caries prevented fraction (using the Decayed-, Missing-, Filled Surfaces Index 
[DMFS] control – caries DMFS intervention/ caries DMFS control x 100%) of 30% in 
permanent first molars over the study period; and an anticipated dropout rate of 40% 
during that period. Though a group of around 100 children would have allowed for 
statistical power of 80% and 95% confidence intervals, a group size of 200 children at 
baseline was considered safer and sufficient to cover all eventualities.  
For this sample size, four public elementary schools in Camiguin (of a total of 56 
schools on the island) were randomly assigned to the EHCP experimental group 
based on the above two criteria. The Department of Education Health and Nutrition 
Unit selected three schools in Gingoog as concurrent control schools (not 
participating in EHCP). Children with systemic medical conditions and other chronic 
infectious diseases, such as tuberculosis, were excluded from the study. 
Experimental groups 
The study protocol defined three experimental groups, as detailed below. However; 
this paper reports only on the baseline and 1-year results of experimental group 1. 
Experimental groups 2 and 3 were used tot test additional interventions in controlling 
caries, and those results will be presented in a separate paper. 
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Experimental group 1: This group participates in the EHCP, which includes the 
following: daily supervised handwashing with soap and clean water (as a scheduled 
group activity); daily supervised brushing with a fluoride toothpaste (0.3 ml; 1,450 
ppm free available fluoride, scheduled group activity); and biannual deworming with a 
single dose of albendazole (400 mg) as a mass drug administration at school. These 
interventions are implemented by education staff (teachers for daily tasks, school 
health nurses of the Department of Education for orientation and supervision) as 
defined in the EHCP protocol. 
Experimental Group 2: The second experimental group participates in the EHCP (like 
experimental group 1), and it has access to Oral Urgent Treatment (as defined by 
WHO) in which treatment is offered twice a year at every school for children suffering 
from toothache due to advanced dental caries. This on-demand treatment includes 
tooth extractions, drainage of abscesses, and drug administration in selected 
cases.17  
Experimental Group 3: The third experimental group participates in the EHCP (like 
experimental group 1), and it uses a high-concentration fluoride gel (Elmex Gel® , 
Gaba GmbH Lörrach, Germany in a dispenser, releasing 0.3 ml per usage; total 
fluoride concentration 12,500 ppm) once a week instead of regular toothpaste. 
Children use normal toothpaste on the other four school days. The fluoride gel is 
applied on the toothbrush and children brush with it after normal brushing for two 
minutes. 
Control groups  
External concurrent control group (Group C1): Located in Gingoog City, this cohort of 
children receives a standard health education programme as defined by the 
Department of Education. It consists of an annual physical examination, biannual 
deworming carried out by school nurses, the distribution of a single (10 ml) 
commercial toothpaste sachet, a toothbrush, and an oral health message at the 
beginning of the school year, and health education as part of the regular school 
curriculum (Figure 1a).  
Internal non-concurrent control group (Group C2): This group consists of children in 
the participating EHCP schools in grades 2 and 4 whose data were collected during 
the baseline assessment. Since the intervention child cohort from the baseline moves 
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from grade 1 to grade 5 during the study period, the data from children in grades 2 
and  4 are used to serve as a control for the experimental group (Figure 1b). 
Examiner training and calibration 
One week before the start of the study a 2-day examiner training session was 
conducted. School nurses were trained in standardised collection of stool samples, 
obtaining height and weight data and regular calibration of weighing scales. Oral 
examinations were conducted by three dentists after two days of theoretical and 
clinical training in the diagnosis methodology. One of the dentists had participated in 
the last national oral health survey and was used as gold standard.10  To assess 
reproducibility, 7.5% of children were examined twice. All examiners were blind to the 
different groups. Experienced examiners used a standard questionnaire to collect 
personal and socio-demographic data.  
Anthropometric measures  
Trained school nurses took all measurements according to standard guidelines.18 
Children removed their shoes and stood upright for measurement of height using a 
portable stadiometer (Seca®, Hamburg, Germany) to the nearest 0.5 cm. Their 
weight was measured with a portable weighing scale to the nearest 0.1 kg (Detecto® 
Cardinal Scale Manufacturing Co., Webb City, USA). Generally the children were 
only lightly dressed, so no adjustments were made for clothing. Anthropometric 
measuring equipment was re-calibrated at the beginning of each day and after every 
10th child using a plastic bag filled with six kilograms of sand. Height and weight 
were used to compute BMI for age.19,20 The BMI of each child was calculated as body 
weight in kilos divided by the height in metres squared - weight (kg)/height (m2). The 
results were grouped as normal, below- and above-normal BMI according to sex- and 
age-related cut-off points of Cole et al.21  
Parasitological examination 
Each child submitted a stool sample, which was labelled, coded, and sent daily (by 
courier) to the laboratory of the National Institutes of Health, University of the 
Philippines, in Manila. Samples were examined to determine the prevalence and 
intensity of STH infection using the Kato-Katz method.22 Cut-off points defined by 
WHO were used to classify light-, moderate- and heavy-intensity infections.23 For 
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quality control of parasitological examinations, 10% of all slides were randomly 
selected and re-examined by a reference microscopist.  
Oral examination 
An assessment was made of the prevalence and experience of dental caries and oral 
infections. The children brushed their teeth before examination. Oral examinations 
were performed in the schoolyard in the open air, with children lying supine on 
benches taken from a classroom. Mouth mirrors (lighted mouth mirror MirrorlightTM, 
Kudos, Hong Kong) and a CPI ball-end probe were used as examination tools to 
score caries according to the WHO basic methods for epidemiological oral health 
surveys Decayed-, Missing-, Filled Index (DMF).24 Teeth with early stages of caries, 
but where the ball-end probe was unable to enter, were not scored as caries and 
excluded from analysis. Oral infections were recorded according to criteria for the 
PUFA index.25 PUFA measures the consequences of untreated dental caries, such 
as open pulp, ulceration, fistula and abscess, with PUFA values representing 
permanent teeth and  pufa values for primary teeth. 
Statistical analysis 
The data were analysed using SAS 9.1 software (SAS Institute, USA). Inter-examiner 
reproducibility for caries score and dental infection (PUFA) at baseline and at follow-
up examinations was calculated using kappa statistics. The reproducibility of 
parasitological examinations was assessed with sensitivity and specificity values. The 
outcome variables in the longitudinal design are presented as mean increments: 
percentages for prevalence data (below normal BMI, moderate to heavy STH 
infection) and mean data for caries (DMFS and PUFA) and BMI (Table 1). The 
outcome variables in the cross-sectional design are presented as mean data (Table 
2). For differences between mean (increment) data, Student’s t test was applied. For 
difference between percentages of increment data of below normal BMI, the chi- 
square test was applied with 2 X 4 cells, where each group was divided in: normal 
remains normal, below normal remains below normal, normal moves to below normal 
and below normal moves to normal. For differences between percentages of 
increment data of moderate to heavy STH infections, the chi square test was applied 
with 2 X 4 cells, where each group was divided in: heavy remains heavy, low remains 
low, heavy moves to low and low moves to heavy.  
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Ethical considerations 
The study protocol was reviewed and approved by the Institutional Review Board 
(IRB) of the Kinaadman Research Center of Xavier University in Cagayan de Oro, 
Philippines and it fully complies with the Philippine National Ethical Guidelines for 
Health Research and the Code of Conduct of the German Development Cooperation 
GIZ, the financing organisation.26,27 Written consent was obtained from parents or 
caregivers of children participating in the study. The study is registered with the 
German Clinical Trial Register DRKS (DRKS00003431) and the WHO system (WHO 
Universal Trial Number U1111-1126-0718). 
Based on the Institutional Review Board recommendation, the external concurrent 
control group of the study also receives a standard intervention (see above) so that 
no child participating in the study is deprived of potential programme benefits.  
 
Results 
Table 1. Mean (± se) baseline data, 1-year data and incremental data for experimental group 
and the external concurrent control group 
Indicators Experimental group 1 External concurrent control group 
(C1) 
Difference 
between 
increments 
(p-value) 
 N=168 N=173  
 Baseline 1-year increment Baseline 1-year increment  
Mean BMI 14.70 
(0.11) 
14.88 
(0.13) 
0.18 
(0.06) 
14.65 
(0.11) 
14.62 
(0.11) 
-0.03 
(0.05) 
Student-t  
p<0.01 
Prevalence 
of below 
normal 
BMI  
29.2% 
(3.5)  
27.8% 
(3.5)  
-1.4%  31.8% 
(3.5)  
37.6% 
(3.7)  
5.8%  Chi-square 
NS 
Prevalence 
of 
moderate 
to heavy 
STH 
infection 
17.2% 
(2.9)  
10.7% 
(2.4)  
-6.5%  32.0% 
(3.5)  
17.3% 
(2.9)  
-14.7%  Chi-square  
p<0.001 
Mean 
DMFS in 
permanent 
first molars 
0.82 
(0.12) 
1.54 
(0.17) 
0.72 
(0.10) 
1.12 
(0.16) 
1.99 
(0.24) 
0.87 
(0.14) 
Student-t NS 
Mean 
PUFA in 
permanent 
first molars 
0.060 
(0.02) 
0.137 
(0.03) 
0.077 
(0.02)  
0.087 
(0.03) 
0.220 
(0.05) 
0.133 
(0.03) 
Student-t NS 
 P =  0.068 
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Reproducibility assessments 
The kappa values for inter-examiner reliability for oral examinations were 0.91 and 
0.93 for baseline and 1-year data collection, respectively. Sensitivity and specificity 
for the Kato-Katz test, both at baseline and 1-year data collection, were an average 
84.6% sensitivity (C.I. 68.8%-93.6%) and 96.8% specificity (C.I. 81.5%-99.8%) for the 
diagnosis of STH infections. 
 
Table 2. Mean (± se) data for experimental group after one year and internal non-concurrent 
control group (grade 2 at baseline examination)  
Indicators Experimental group 
(1) 
 
Internal 
non-concurrent 
control group  
(Group C2) 
Difference 
between 
groups 
(p-value) 
 n = 168 n = 133  
Mean age 7.56 (0.04) 7.47 (0.04) Student-t NS 
% of boys 50.6% (3.9)  46.6% (4.3) Chi-square NS 
Mean number of siblings 3.12 (0.16) 3.07 (0.16) Student-t NS 
Prevalence of TV ownership 70.4% (3.5)  76.7% (3.7)  Chi-square NS 
Mean BMI 14.88 (0.13) 14.86 (0.12) Student-t NS 
Prevalence of children categorized as 
below normal BMI 
27.8% (3.5)  22.6% (3.6)  
 
Chi-square NS 
Prevalence of children with moderate 
to heavy STH infection
 10.7% (2.4)  12.4% (2.9%)  Chi-square NS 
Mean DMFS of permanent first molars 1.54 (0.18) 1.53 (0.20)  Student-t NS 
Mean PUFA of permanent first molars 0.137 (0.03) 0.188 (0.05) Student-t NS 
 
Baseline data collection 
A total of 200 children (mean age 6.47 years, 52% male) were examined in the 
experimental group and 212 children (mean age 6.37 years, 47.1% male) in the 
external concurrent control group. The baseline data of the experimental cohort and 
external concurrent control cohort did not show statistically significant differences 
except for the prevalence of moderate to heavy STH infections (Table 3). 
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Characteristics of children lost to follow-up 
In all, 32 children were lost to follow-up in the experimental group and 39 in the 
external concurrent control group. More boys dropped out than girls; otherwise, the 
socio-demographic and clinical parameters of the drop-outs were similar to those of 
the children at baseline in both groups.  
 
Table 3. Mean (± se) baseline data for experimental group (1) and external concurrent control 
group (C1) 
Indicators Experimental Group 
(Group 1) 
External Concurrent 
Control Group  
(Group C1) 
Difference 
between 
groups 
(p-value) 
 n = 200 n = 212  
Mean age 6.47 (0.04) 6.37 (0.04) Student–t  NS 
% of boys 52.0% (3.5)  47.1% (3.4)  Chi-square NS 
Mean number of siblings 3.34 (0.16) 3.10 (0.13) Student–t  NS 
Prevalence of TV ownership 67.5 % (3.3)  70.3% (3.1)  Chi-square NS 
Mean BMI 14.73 (0.10) 14.64 (0.09) Student–t  NS 
Prevalence of children categorized 
as below normal BMI 
28.5% (3.2)  31.6% (3.2)  Chi-square NS 
Prevalence of children with 
moderate to heavy STH infection
 17.4% (2.9)  31.1% (3.2)  Chi-square  
p = 0.0013          
Mean DMFS of permanent first 
molars 
0.80 (0.11) 1.16 (0.15) Student–t  NS 
Mean PUFA of permanent first 
molars 
0.065 (0.02) 0.090 (0.03) Student–t  NS 
Mean dmft primary dentition  7.74 (0.30) 8.27 (0.31) Student–t  NS 
Mean pufa primary dentition 3.14 (0.20) 3.11 (0.17) Student–t  NS 
Prevalence dmft>0 97.0% (1.2)  97.2% (1.1)  Chi-square NS 
Prevalence DMFT>0 for permanent 
first molars 
37.0% (3.4)  42.0% (3.4)  Chi-square NS 
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Longitudinal design - comparison between experimental group 1 and external 
concurrent control group  after one year 
In all, 168 children (mean age 7.56 years, 50.6% male) were examined in the 
experimental group and 173 in the external concurrent control group (mean age 7.39 
years, 45.7% male). The mean BMI in the experimental group 1 increased whereas it 
remained unchanged in the control group. The increase in mean BMI was higher 
(statistically significant) in the experimental group than in the control group (Table 1). 
The prevalence of children with low BMI in the experimental group decreased 
whereas it increased in the control group. In both groups, the prevalence of moderate 
to heavy STH infection decreased, but it was more pronounced in the control group.  
Increases in the DMFS (with no changes in the missing or filled index component) 
and PUFA indexes for permanent first molars over one year were lower in the 
experimental than in the control group (Table 1). The prevented fraction of increases 
in these indexes was 17% and 42%, respectively. The latter approximates to 
statistical significance (p-value = 0.068).  
Cross-sectional design - comparison between experimental group 1 and internal non-
concurrent control group 
Table 2 presents the data of the 168 children (grade 1) of the experimental group 
after one year and the data of 133 children (grade 2) whose data were collected at 
baseline. Data comparison between the experimental group 1 and the internal non-
concurrent control group did not reveal any statistical significant difference.  
 
Discussion 
Health outcome assessment of school health programmes 
Large-scale, low-cost intervention programmes such as the EHCP have the potential 
to achieve population-level health effects. Developing and applying data related to  
public health programmes in low- and middle-income countries is an important basis 
for improving health. In this context primary research examining the value of health 
interventions among poor communities and providing crucial knowledge for informed 
local policy decisions is of great relevance.28-30 Field research in low-resource 
settings often faces challenges related to poor logistics and local resources as well 
as limited available local staff; thus, research is often organised and undertaken by 
institutions of the global North. By contrast, in the context of Official Development 
145 
 
Assistance, the present research had a strong focus on involving and advancing local 
research capacities. This study examined a school health programme that is part of 
the bilateral development project between the Philippines and Germany. The broad 
participation of local universities and the involvement of the Department of Education 
health have facilitated an increase in the capacity to conduct field research. It is 
hoped that this will help promote effective health strategies among policymakers in 
low-resource countries. 
It was not intended that this study would produce representative results for the entire 
child population participating in the EHCP throughout the country. That would have 
required a complex sampling procedure, a much larger setup, an exponentially higher 
budget, and a huge management structure. Nevertheless, the various socio-
demographic and health-related parameters of the study sample were very similar to 
those reported in other large-scale or national child surveys in the Philippines.10,31 
The chosen study design provides highly valuable insights related to programme 
effectiveness under real-life conditions.  
Study design & methodology 
Randomized control trials are considered the gold standard for clinical research. 
However, such a design is often difficult if a large-scale public health programme 
covers the entire study population or all schools of a province, which is the case with 
Camiguin Island. There, the authorities did not allow a stepped-wedge randomized 
control trial since they wanted to introduce the programme simultaneously on the 
entire island.32 Randomization of children within a school was impossible and would 
have been unethical. Since an internal concurrent control school in the same 
province was not possible, an external concurrent control group was selected despite 
the problem of inherent selection bias. Schoolchildren in this control group received 
the traditional health education-based intervention carried out by school health 
personnel and the deworming programme. In addition, an internal non-concurrent 
control group was included in the present study. This design allowed for internal 
comparison and supported the data collected from the concurrent external control 
group. With regard to the internal non-concurrent control group, evaluation of the 
outcomes was limited to cross-sectional comparison since it was not a cohort 
followed over time. The inclusion of an external concurrent control group allowed the 
assessment of increase in disease parameters.  
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Generally speaking, cohort studies have a number of advantages but also significant 
limitations and sources of bias. It has been suggested that four criteria areas be 
examined when assessing the validity of a cohort study.33  
1. Selection bias: Here the essential question is whether intervention and control 
groups are similar in all important aspects except for the intervention. The children of 
the experimental cohort were selected on the basis of attending randomly selected 
schools, whereas the external concurrent control schools were assigned by the 
regional Department of Education Office. The analysis of socio-demographic data 
between the experimental and control groups revealed a high degree of conformance 
- both between each other and in relation to national averages. Moreover, in terms of 
disease burden, as measured with the different health indicators, the intervention and 
control cohorts were very similar - except for worm load, which will be discussed in 
more detail below.  
2. Information bias: The study design tried to reduce information bias by limiting the 
choice of indicators to a few essential ones that were not too complex to measure. 
The high consistency of examiner results and the constant re-checking through 
double examinations and duplicate tests indicate a low information bias. The 
reliability of the caries diagnosis focused on reproducibility with reference to the 
golden standard examiner; therefore, inter-examiner kappa values were presented. 
The examiners were blind as to the different groups, although it is probably realistic 
to assume that the examiners would soon have discovered that the control schools 
were located in a province where the EHCP did not exist. Appraising the viability, 
effectiveness, and appropriateness of the screening methods used followed the 
guidelines of the UK National Screening Committee.34,35  
3. Loss to follow-up: This is a potential source of selection bias and a crucial issue for 
the validity of cohort studies. Dropout resulted in the loss of 32 children in the 
experimental group and 39 children in the external control group. It is known that 
dropout rates are highest for the transition between grades 1 and 2, with a national 
average of 14.5% of children dropping out of school.36 The observed loss-to-follow-up 
rates in the intervention and control groups are thus not surprising. The 
characteristics of children lost to follow-up in both the experimental and concurrent 
control group are very similar, which indicates a negligible selection bias. 
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4. Confounding factors: Socio-economic factors are usually major confounding 
factors for health outcomes, with poverty being the strongest determinant of health. 
The study used a pragmatic approach to assess socio-economic status by means of 
proxy measures, such as asking whether there was a TV set at home. Careful 
questioning is required in this context to avoid information bias. Even the seemingly 
simple question about the number of siblings can be difficult to answer for children 
who are not used to differentiating between siblings and cousins and other relatives 
within an enlarged family. Reassessment of these questions after one year helped to  
trace at least some bias. After one year, the mean number of siblings decreased 
slightly by 0.11 and the number of children whose homes had a TV increased by 
3.9%. 
Compliance with study protocol 
Compliance with study protocol can be a major confounding factor and needs to be 
carefully assessed. The results related to deworming are a good example of such 
problems stemming from logistics and lack of compliance to the protocol. Despite 
careful advance planning and orientation of study staff and participating school 
personnel, a deworming activity was conducted prior to baseline data collection in the 
intervention schools. After consultation with the National Institute of Health, it was 
decided that the data collection be postponed by six weeks to give time for partial re-
infection. Owing to the complex logistics of the study, it was not possible to delay the 
baseline data collection any further. This is the reason for the lower prevalence at 
baseline of moderate to heavy STH infection in the intervention group (17.4%) 
compared to the external concurrent control group (31.1%). The observed difference 
of about 15% in the prevalence of moderate to heavy STH infection after deworming 
is in line with published data.8 The fact that the reduction in the prevalence of STH 
infection after one year was significantly higher in the external concurrent control 
group also seems to be related to the deworming of the intervention group weeks 
before the baseline assessment. 
Furthermore, without knowledge of the study team, there was an 8-week delay in 
starting toothbrushing activities owing to problems with government procurement of 
supplies.  
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Considerations related to BMI 
BMI was included in the FITHOS as a derivative health indicator of the EHCP 
intervention for the following reasons: 
 An association between severe caries (PUFA) and low BMI was found in a 
representative sample of 12-year old Filipino schoolchildren.37  
 Treatment of severe caries in 5-year-old Filipino children resulted in a 
significant increase in BMI,38 but the magnitude of the effect caused by using 
fluoride toothpaste is unknown.  
 Medication against STH infection in combination with daily handwashing has a 
potential beneficial effect on BMI; however, the extent of this combined effect 
is not known.  
We therefore anticipated an effect of the EHCP intervention on BMI, though the 
overall effect was uncertain. As a result, a power estimation for BMI was not possible. 
One-year analysis and the power of the study  
Reduction in the prevalence of moderate to heavy STH infections after one year of 
medication has been found to be around 50%.8 After 2-3 years, daily school-based 
brushing with fluoride toothpaste has been reported to result in caries reductions of 
over 30%.39,40 This affects the DMF scores, but for the new PUFA score the 
magnitude of reduction is not yet known. The estimated power for STH and DMFS 
data in the FITHOS is based on a 4-years study period, and therefore this interim 
analysis after one year provides insufficient power for caries data. However, the main 
aim of this first paper on the FITHOS is to present the methodology and aspects of 
the study design.  
Baseline and 1-year results 
After one year, no differences could be identified in the caries status between the 
experimental and internal non-concurrent control group, which may have been due to 
biological spreading. With longer observation periods of the cohort a masking effect 
of biological spreading will gradually disappear, allowing any intervention effect to 
become apparent. In the longitudinal cohort design, despite the short evaluation 
period, positive trends became evident: an increase of the mean BMI; a reduction in 
the prevalence of moderate to heavy STH infection; and a reduction (non significant) 
in caries. The confounding effect of the unplanned deworming of the intervention 
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group prior to the baseline data collection will have to be carefully observed with 
subsequent data collections over following years. So far, the control group design 
has worked well, with little baseline differences among the groups across all 
indicators – except for the deworming-related indicators for the aforementioned 
reasons.  
Based on this publication and the emerging data as the study continues, other 
FITHOS papers will report on progress and elucidate aspects of health equity, 
effectiveness of oral disease prevention, and quality of life. In combination with a 
costing study, the health outcome data provide the basis for future cost-effectiveness 
and cost-benefit analyses. Together with the survey protocol, the key lessons from 
the FITHOS can help in designing templates for studies in similar countries on ways 
to adopt the Fit for School concept. Such future multi-country research may 
contribute to filling gaps in essential knowledge on effective school health 
programmes worldwide. 
 
Conclusions  
The emphasis of this paper was on presenting the survey methodology and 
discussing the relevance of this design. The FITHOS has demonstrated that 
methodology and study design are crucial in collecting viable data on health 
outcomes where the objective is enhancing programme management, political 
decision making, advocacy, and donor accountability. This study has demonstrated 
positive trends in the health impacts of the EHCP after just one year of 
implementation. The key health outcomes thus far are related to handwashing and 
deworming, resulting in a lower prevalence of moderate to heavy STH infections and 
an increase in the mean BMI, and to toothbrushing, which has tended to reduce 
caries. It is hoped that the data over following years will confirm and substantiate 
these trends by building on the solid survey protocol and functioning logistic support.  
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conclusions 
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This thesis provides information on various aspects of community dentistry. It 
illustrates different steps in an overarching learning and advocacy process which 
started with short-term dental volunteering and which evolved through  reflection and 
applied research to the conceptualization and implementation of an integrated large-
scale school health programme in the Philippines. Advocacy for oral health was an 
important component in this process for which caries-related health indicators were 
developed such as the PUFA and its association with low BMI. Furthermore, the 
problem of caries was placed in the broader context together with other priority 
diseases for the creation of a framework to promote health and oral health in a 
combined approach. 
 
The efficacy of a single application of Silver Diammine Fluoride  
In Chapter 2 the question was raised whether a single application of 38% Silver 
Diammine Fluoride (SDF)1 would result in any additional caries preventive effect over 
and above that caused by the regular use of fluoride toothpaste. A systematic review 
indicated that any fluoride application over a period of 2-3 years, be it a varnish, a 
fluoride gel or fluoride rinse results in only a modest additional caries preventive 
effect of about 10% when used together with daily toothbrushing with fluoride 
toothpaste.2 However, SDF applications were not included in this systematic review. 
Some studies showed promising results with SDF application on caries prevention3,4  
while a systematic review concluded that SDF was more effective than fluoride 
varnish in preventing caries.5 The rationale for the selection of 38% SDF as an 
additional preventive measure was its ease of application, its low cost and its 
potentially high caries-preventive and arresting effect.3,4 Any additional caries 
preventive effect would be particularly useful to tide over periods of high caries 
susceptibility, the period of eruption of first permanent molars.6 In this thesis, 38% 
SDF was not specifically applied to existing dentine caries to assess its caries 
arresting effect as has been the case in other studies, but it was used as a method to 
prevent the onset of new cavitated caries. Moreover, 38% SDF was only applied 
once in contrast to most other clinical trials of SDF where applications were 
repeated. No extra preventive effect from a single application of 38% SDF on the 
onset of cavitated caries on the occlusal surfaces of first permanent molars of 6-8-
year-old children was found over and above the effect caused by daily toothbrushing 
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with fluoride toothpaste. The lack of efficacy was an unexpected finding. Recently, 
the results of a large cluster-randomized trial in United Kingdom on the efficacy of 
fluoride varnish were published.7 There was no effect visible for fluoride varnish 
when it was used as a public health intervention to prevent caries in first permanent 
molars of 7- and 8-year-old children in a school setting. That finding was unexpected 
and at odds with the finding of the Cochrane systematic review on fluoride varnish.8 
However, the review included older efficacy studies, which were conducted at a time 
when there was less exposure to fluoride through use of toothpaste. With the more 
regular use of fluoride toothpaste, the efficacy of additional fluoride application in a 
public health setting must be assessed once again.  
The conclusion of the study is that the existing data thus far do not justify the use of a 
single application of 38% SDF as a public health measure to prevent the 
development of new cavitated caries for children who routinely brush their teeth daily 
with fluoride toothpaste. 
 
A new caries index - PUFA 
The choice of a caries index depends strongly on the objectives for which it is to be 
used. Epidemiological data on caries need to be relevant and understandable to 
policymakers who might not be well versed in the subtleties of dental epidemiology. 
Chapter 3 introduces a new caries index, the PUFA, describing the consequences of 
untreated caries, and presents data collected during the 2006 NOHS in the 
Philippines. These data clearly demonstrate the extent of dental infections as a result 
of untreated dental caries and have proven to be a strong advocacy tool in the 
Philippines to convince health decision makers to invest in effective and appropriate 
interventions for the betterment of  oral health.  
Recently, the assessment of the entire spectrum of caries from an initial lesion to the 
open-pulp stage has seen growing attention.9-11 In this context it was suggested to 
incorporate an abridged PUFA index into a new ‘CAST index’.11 The suggested 
concept of combining the PUFA score for pulpal involvement (P/p) in the CAST score 
6 and combining the PUFA scores for abscess (A/a) or fistula (F/f) into a single code 
7 in an apparently hierarchical score is questionable, since the magnitude of infection 
and accompanying pain and discomfort vary between the categories and even within 
a category.12 There is no rationale behind combining A/a (abscess) and F/f (fistula) 
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into one code and pulpal involvement into another code. It should be emphasized 
that the PUFA index was never designed to be integrated into another caries index or 
to be used in a hierarchical manner. Rather, the intention was to use the index 
separately to complement existing caries indices and to utilize PUFA as an indicator 
of poor oral health and as a tool for advocacy. A recent study confirms that PUFA, in 
contrast to DMFT, is a suitable indicator of poor oral health-related quality of life for 6-
7-year-old children.13 The recognition of the PUFA index is reflected in its inclusion in 
the new FDI Caries Classification Matrix.9,10 However, incorporating PUFA into an 
overall caries index makes PUFA invisible and neglects the purpose of its use: as an 
indicator of severe caries and as a tool for advocacy. 
 
The National Oral Health Survey 2006 
Since the extent of oral health problems among children was not recognised as being 
important by politicians and decision makers in the Philippines, it was decided to 
conduct a national oral health survey (NOHS) to collect data on the extent and 
severity of dental caries. The purpose of this NOHS was to provide visibility to the 
problems relating to dental caries in the broader context of general health. Chapter 4 
describes the results of the 2006 NOHS and highlights the extent of the caries 
problem and its health consequences in the Philippines.  
New insight in the damage that may be caused by using a sharp probe for tactile 
assessment of caries14 led to changes in the WHO 1997 oral health survey caries 
diagnosis criteria.15 In the 2006 NOHS, the diagnosis of caries was carried out with a 
blunt WHO probe, in contrast to the caries diagnosis performed in 1998 NOHS where 
a sharp probe was used according to caries diagnosis criteria recommended by 
WHO in 1987.16 However, in doing so, a problem occurred regarding comparability of 
the 2006 data with those from 1998. The impact of changing caries diagnostic criteria 
on the results of caries assessment has received very limited international attention. 
For instance, changing caries diagnostic criteria was not among the items presented 
to a panel of international experts who had to judge on a possible explanation for the 
decline in caries in Western industrialized countries.17 The fact that none of the 
examiners of the 1998 NOHS participated in the 2006 NOHS created another 
problem for backward comparability. This aspect of safeguarding calibration of 
examination in successive surveys has received only limited attention in the 
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literature.18 A control investigation on methods of caries assessment conducted in the 
2006 NOHS makes it likely that the observed decline in caries levels between the two 
surveys is due to a change of methodology, so that there has probably been no real 
change in caries levels in 12-year-old Filipino children during the 8 years between the 
two surveys. Monitoring future trends in caries will only be possible if prospective 
surveys utilise the same methodology as that of the 2006 NOHS with the inclusion of 
examiners from this survey.  
 
Severe dental decay and its association with low BMI 
Chapter 5 investigates a possible consequence of untreated dental decay where little 
research has been done so far – the impact of odontogenic infection on general 
health as assessed by the Body Mass Index (BMI). The data for the research was 
collected during the NOHS 2006 in the Philippines. The analysis showed a significant 
association between low BMI and odontogenic infection (measured with the new 
PUFA index), but not between BMI and caries without odontogenic infection. The 
study is the first ever to show this association in a representative sample of 12-year 
olds from a low-income country. No comparisons with other studies are currently 
possible. Based on these findings it was possible to develop an expanded model of 
factors leading to poor education performance of children. The expanded model adds 
advanced untreated dental decay as a specific and highly prevalent chronic disease 
of children to the accepted framework and highlights pathways of interaction with all 
of the established factors contributing to poor child development. This model may be 
of relevance for non-dental audiences involved in the larger arena of child 
development. The findings of this research bridge the gap between the ‘scientific 
niche’ area of oral health and child development and hopefully will contribute to more 
attention being given to oral health.  
Tooth extraction of severely decayed primary teeth in 4-5-year-old severely 
underweight Filipino children with PUFA (Chapter 6) resulted in a significant weight 
gain after treatment. The literature on this topic is not unequivocal, yet the differences 
may be related to a number of issues: the selection of severely underweight children 
in other studies was less rigorous as in the present study and the treatment was less 
focussed on teeth with pulp involvement. Moreover, during the follow-up period, new 
severe and painful caries lesions could have occurred. The present study indicates 
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that the association found between severe dental decay and low BMI reported in 
Chapter 5 is probably a causal relationship. If this can be substantiated in further 
research, it should have far-reaching implications for making oral health a priority in 
low- and middle-income countries.  
 
Addressing and integrating oral health in new ways 
Chapter 3, 4 and 5 highlight the very high burden of dental caries for school-aged 
children in the Philippines, the problem of untreated caries, the high prevalence of 
chronic odontogenic infections and the negative effect on physical development. 
Since dental caries remains almost totally untreated in the country, the ethical 
obligation of the dental profession, academia, and policy decision makers to ensure 
oral health for all through realistic approaches had not received adequate attention.19 
There is a need for a paradigm shift from the mainly restorative approach to manage 
and control caries to a more preventive approach directed to improve the self care of 
people.20 International resolutions and policy recommendations clearly emphasize 
that preventive concepts to control dental caries are the only realistic option for the 
world's population.21-23  
The sheer magnitude of children’s oral health problems in the Philippines has led to 
resignation and acceptance since decision makers and politicians see these 
problems as inevitable and thus feel powerless to address them.24 The Common Risk 
Factor Approach (CRFA) and the growing recognition of important determinants of 
health offer a conceptual framework to promote health and oral health in a combined 
approach by addressing hygiene-deficiency and establishing an environment with 
appropriate water and sanitation facilities.25,26  
 
Integrated school health – the Essential Health Care Programme (EHCP) 
The findings of the national oral health survey from 2006 (Chapter 3, 4, 5) were used 
in an advocacy process to push for a school health programme to address the child 
health situation. Advocacy for (oral) health is action taken on behalf of individuals 
and/or communities to overcome structural barriers to the achievement of (oral) 
health.27,28 Authorities working in the health and education sector seem to be 
unaware about the potential of school health programmes to impact positively on 
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health and development of children and their administrations are often trapped in 
rigid bureaucracy.29 It is therefore important to influence policy makers to develop 
and ensure the implementation of strategies to improve (oral) health of populations.  
The lack of intersectoral collaboration between the health and education departments 
and the lack of clear mandates or shared visions are among the reasons for the 
untapped potential of school health in general.30  
This was also the situation in the Philippines. Integration of oral health into the 
context of general health promotion was an essential part of the advocacy process. 
The communication strategy was based on presenting understandable data of 
children’s health problems combined with clear, simple and effective strategies for 
improvement. It is important in advocacy to realise, understand and appreciate each 
stakeholder’s particular motives, interests and incentives (e.g. political mileage for 
politicians, career path promotion for educational personnel, consumables provided 
for free for children’s parents) to support and participate in school health 
programmes. All activities in the advocacy process were directed towards influencing 
policy makers to take favourable decision on child health. The process created 
awareness, understanding and a feeling that something ‘must be done’, a momentum 
that finally resulted in broad political support of the Essential Health Care Programme 
(EHCP) for public elementary schools and its designation as a national flagship 
programme. 
The EHCP described in Chapter 7 represents an important and fundamental shift 
from the concepts of traditional school oral health programmes using a health 
education oriented approach. Basic health education is part of many national school 
programmes, but efforts usually stop there and reduce schools to places of 
educational knowledge transfer, ignoring the potential for tangible and sustainable 
behaviour change through stimuli in the environment resulting in actions 
unaccompanied by conscious reflections.31 The EHCP incorporates dental decay 
within the broader frame of child diseases and is an example of a functional 
intersectoral collaboration between health and education sectors. Furthermore, 
schools are not only education facilities, but also centres of community life and can 
play an important leadership role in changing living conditions of the communities 
surrounding them. Using the setting approach by targeting children in schools and 
institutionalizing effective interventions such as handwashing and toothbrushing as 
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daily routine activities within the public school setting are key of the EHCP 
programme.32 Involvement of parents and communities in improving washing facilities 
and access to water in schools as well as sustainable government financing are 
essential elements of the concept. 
 
From theory to public health practice – developing and implementing effective 
interventions 
Public health strategies and interventions ideally evolve from basic science and 
applied research through community demonstration studies to broad-scale 
implementation. Based on the concept of Rose33, the model presented in Figure 1 
details how evidence for preventive health interventions may be developed. Once a 
potential preventive intervention is developed in the laboratory, applied research, 
such as randomized controlled trials (RCT) provide information on the extent of 
efficacy of the intervention in a clinical setting under ideal conditions. The next step is 
to assess the effectiveness of the intervention in a community setting that is close to 
the ‘real world situation’ and similar to the setting for large-scale implementation. The 
results presented in this thesis relate to ‘community demonstrations’ and ‘large-scale 
implementation’ according to the model. 
Figure 1. Model of the relation between efficacy and effectiveness in different research 
settings (modified from Rose 1993) 
 
Even if interventions have proven efficacy in basic and applied research, various 
factors inside and outside the health sector such as adherence to guidelines, limited 
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resources and/or improperly trained personnel may compromise its final 
effectiveness, resulting in lower efficacy than the RCTs have indicated. It is therefore 
essential to demonstrate evidence for effectiveness at all levels of the presented 
model.  
Chapter 8 describes a longitudinal cohort study to investigate the health outcome 
effects of the EHCP in the Philippines. The clinical health outcomes after one year of 
implementation already show positive trends in the health condition of children and it 
is anticipated that these trends get stronger with the duration of the programme.  
 
Conclusion  
Bringing evidence to public health practice, linking science and practice in 
appropriate ways and integrating different sectors and diseases into a realistic and 
cost-effective programme opens ways to address the enormous global burden of 
child diseases, including dental caries.  
This thesis shows how scientific research can be translated into the practical real life 
context of the Philippines, a low-middle income country. The successful 
implementation of the ECHP in the Philippines provides an example to follow for 
many other countries with similar problems.  
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Postscript and perspectives 
Important developments beyond the remit of this thesis are witness to the appeal of 
the Fit for School approach, its underlying concept and the translation of research 
into practice. In 2009, the Philippine NGO, Fit for School Inc. was established with 
support of the German Development Cooperation (GIZ). This NGO has become a 
strong stakeholder in the regional health and education sectors of Southeast Asia 
and is supporting the Philippine government in the implementation of the EHCP 
programme. At the end of 2012, the programme is already benefiting more than 2.5 
million children. 
Since 2011 the German Ministry of Economic Cooperation and Development has 
commissioned GIZ to partner with the South East Asian Ministries of Education 
Organization (SEAMEO) to support the governments of Cambodia, Indonesia and 
Lao PDR in establishing similar programmes in their countries.  
The acceptance and the scaling up of the Fit for School approach to other countries 
in the Southeast Asian region has been greatly facilitated by the international awards 
that the programme has received. These include awards from the International 
Association of Paediatric Dentistry, the Shils Foundation in the USA and the 
International Poverty Reduction, Equity and Growth Network (PEGNet). Moreover, 
Fit for School was awarded by the World Bank, the United Nations Development 
Program (UNDP) and the World Health Organisation (WHO) for ‘Innovation in Global 
Health’. Fit for School as an approach has also featured in a number of international 
publications on school health which strengthened the advocacy process 
considerably.34-40 
International recognition and established collaborations among GIZ, AusAID and 
UNICEF as major international development partners are evidence for the potential of 
the Fit for School approach to revitalise school health activities in other countries as 
an effective vehicle to bring public health back to a currently underrated public place 
– the school. 
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Dit proefschrift behandelt verschillende aspecten van algemene 
mondgezondheidszorg. Het belicht de verschillende stadia van een alles omvattend 
leerproces dat begon met kortverbandvrijwilligerswerk en dat zich ontwikkelde door 
toegepast onderzoek en het daaruit voortvloeiend inzicht om tenslotte te  resulteren 
in de opzet van een geïntegreerd schoolgezondheidsprogramma dat op grote schaal 
in de Filippijnen wordt uitgevoerd. Het lobbyen voor mondgezondheid was een 
essentieel onderdeel van dit hele ontwikkelingsproces waarbij voor cariës een 
nieuwe index (PUFA) werd ontwikkeld die een duidelijke verband liet zien met de 
fysieke ontwikkeling van het kind. Bovendien werd cariës als gezondheidsprobleem 
geplaatst in een bredere context van andere belangrijke kinderziektes wat 
resulteerde in een concept waarbij naast gezondheid ook mondgezondheid een 
plaats kreeg in een gezamenlijke zorgaanpak . 
 
De werkzaamheid van een eenmalige Silver Diammine Fluoride-applicatie   
In hoofdstuk 2 werd de vraag gesteld of een eenmalige applicatie van 38% Silver 
Diammine Fluoride (SDF)1 enige toegevoegde cariëspreventieve werking heeft 
boven het effect van regelmatig tandenpoetsen met fluoridetandpasta. Een  
systematisch overzichtsartikel betreffende fluoride-applicatie over een 2-3- jarige 
periode of dit nu een lak, gel of spoelmiddel is komt tot de conclusie dat deze slechts 
een ongeveer 10% extra cariëspreventief effect heeft in combinatie met dagelijks 
tandenpoetsen met fluoridetandpasta.2 SDF-applicaties waren niet in dat 
overzichtsartikel opgenomen. Enkele onderzoeken lieten veelbelovende 
cariëspreventieve resultaten zien met SDF-applicaties.3,4, terwijl een ander  
systematisch overzichtsartikel tot de conclusie kwam dat SDF werkzamer was dan 
fluoridelak bij de preventie van cariës.5 De redenen voor de keuze voor 38% SDF als 
extra preventieve toepassing waren het gebruiksgemak, de lage kosten en de 
potentiële, hoge, cariëspreventieve en cariësremmende werking.3,4 Enige 
toegevoegde preventieve waarde zou vooral welkom zijn om de periode van grote 
cariësgevoeligheid te overbruggen, de periode van doorbraak van eerste blijvende 
molaren.6 SDF (38%) werd in dit proefschrift niet specifiek gebruikt zoals in andere 
onderzoeken om bestaande dentinecariës te stabiliseren, maar om het ontstaan van 
nieuwe carieuze caviteiten te voorkomen. Bovendien werd 38% SDF slechts 
eenmalig aangebracht terwijl in het meeste  klinisch onderzoek applicaties werden 
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herhaald. Een extra preventief effect van een eenmalige 38% SDF-applicatie op het 
ontstaan van nieuwe carieuze caviteiten in occlusale vlakken van eerste blijvende 
molaren van 6-8- jarige kinderen die dagelijks poetsten met fluoridetandpasta werd 
niet gezien. Die afwezigheid van enige werkzaamheid werd niet verwacht. 
Recentelijk werd het resultaat gepubliceerd van een groot cluster gerandomiseerd 
klinisch onderzoek naar de werkzaamheid van fluoridelak  uitgevoerd in Engeland.7 
Er was geen aantoonbaar cariëspreventief effect van fluoridelak op de eerste 
blijvende molaren van 7-8- jarige schoolkinderen in dit publieke 
interventieprogramma. Ook deze bevinding was onverwacht en niet in 
overeenstemming met de resultaten van een Cochrane overzichtsartikel over 
fluoridelak.8 Dit overzichtsartikel betrof echter oudere onderzoeken die waren 
uitgevoerd in een periode dat blootstelling aan fluoride door gebruik van 
fluoridetandpasta nog niet wijdverbreid was. Met het nu meer algemeen ingevoerde, 
regelmatige gebruik van fluoridetandpasta, moet de werkzaamheid van extra 
fluoride-applicaties in publieke interventieprogramma’s opnieuw worden vastgesteld.  
De conclusie op basis van het onderzoek in dit proefschrift is dat de resultaten tot 
dusver een eenmalig gebruik van 38% SDF niet wettigen in publieke 
interventieprogramma’s ter voorkoming van cariës bij kinderen die dagelijks hun 
tanden poetsen met fluoridetandpasta.  
 
Een nieuwe cariësindex - PUFA 
Welke cariësindex wordt gekozen hangt sterk af van het doel. Epidemiologische 
cariësgegevens moeten relevant en begrijpelijk zijn voor beleidsmakers die niet 
vertrouwd zijn met de details van tandheelkundige epidemiologie. Hoofdstuk 3 
introduceert een nieuwe cariësindex, de PUFA, die de gevolgen van onbehandelde 
cariës in kaart brengt. Daarnaast presenteert het data van het NOHS in 2006 in de 
Filippijnen. Deze data tonen duidelijk de ernst en omvang van dentale infecties als 
gevolg van onbehandelde cariës. Bovendien zijn deze data een overtuigend 
instrument geweest om beleidsmakers in de Filippijnen ertoe te bewegen te 
investeren in effectieve en geschikte interventies ter bevordering van 
mondgezondheid.  
Recentelijk heeft het vastleggen van het totale spectrum van cariës van initiële 
laesies tot aan de open pulpa meer aandacht gekregen.9-11 Er is in dit verband 
171 
 
geopperd om PUFA te integreren in een nieuwe alles omvattende ‘CAST-index’.11 
Het voorstel om de PUFA-score (P/p), cariës tot in de pulpa, in the CAST-score 6 op 
te nemen en de PUFA-score (A/a) voor abces en (F/f) voor fistels gezamenlijk op te 
nemen in de CAST-score 7, een duidelijk hiërarchische index, is twijfelachtig, omdat 
de omvang en ernst van de infectie en de daarmee gepaard gaande pijn en ongemak 
kan variëren tussen de categorieën en zelfs binnen een categorie.12 Er is daarom 
geen goede reden om A/a en F/f samen te brengen in een score en P/p in een 
separate lagere score. Bovendien moet hier worden benadrukt dat de PUFA-index 
nooit bedoeld is om te worden ingepast in een andere cariësindex of te worden 
gebruikt op een hiërarchische manier. De bedoeling was juist PUFA te zien als 
separate index als aanvulling op bestaande cariësindices en daarnaast als indicator 
van slechte mondgezondheid en als instrument bij het lobbyen. Een recent artikel 
bevestigt dat PUFA in tegenstelling tot de DMFT een geschikte indicator is van 
slechte mondgezondheid gerelateerde levenskwaliteit van 6-7- jarige kinderen.13 Dat 
de PUFA-index is geaccepteerd blijkt uit de opname ervan in de nieuwe FDI-Cariës 
Classificatie Matrix.9,10 PUFA opnemen in een alles omvattende cariësindex echter 
maakt PUFA onzichtbaar en gaat voorbij aan het specifieke doel waarvoor hij 
gemaakt is, namelijk als indicator voor ernstige cariës en als instrument bij lobbyen 
en promotie activiteiten. 
 
National Oral Health Survey 2006 
Omdat de ernst van mondgezondheidsproblemen bij kinderen niet werd gezien door 
politici en beleidsmakers in de Filippijnen, werd besloten in een nationaal 
mondgezondheidsonderzoek gegevens te verzamelen over de omvang en ernst van 
cariës. De reden voor het NOHS in 2006 was het zichtbaar maken van 
cariësgerelateerde gezondheidsproblemen in het bredere kader van algemene 
gezondheid. Hoofdstuk 4 beschrijft de resultaten van het NOHS (2006) en gaat in op 
het cariësprobleem met zijn consequenties van onbehandelde cariës voor de 
algemene gezondheid in de Filippijnen.  
Nieuwe inzichten over de schade door het gebruik van een scherpe sonde als 
hulpmiddel bij de cariësdiagnostiek14 hebben in 1997 bij de WHO geleid tot 
aanpassingen van de richtlijnen voor de cariësdiagnostiek.15  In het NOHS van 2006 
werd de cariësdiagnostiek uitgevoerd met een stompe WHO-sonde, dit in 
172 
 
tegenstelling tot het NOHS in 1998 waarbij een scherpe sonde werd gebruikt in 
overeenstemming met de cariësdiagnostiek richtlijnen van de WHO in 1987.16 Door 
deze verandering in de cariësdiagnostiek was het de vraag of de data van 2006 wel 
zonder meer konden worden vergeleken met die van 1998. De invloed die deze 
verandering in de cariësdiagnostiek had op de uiteindelijke cariësstatus heeft 
internationaal nauwelijks aandacht gekregen. Zo maakte bijvoorbeeld de veranderde 
cariësdiagnostiek geen deel uit van de lijst van mogelijke oorzaken van de 
cariësafname in Westerse landen die een panel van deskundigen konden 
aanvinken.17 Het feit dat geen van de onderzoekers van het NOHS in 1998 betrokken 
was bij het NOHS in 2006 leverde een bijkomend probleem op ten aanzien van de 
vergelijkbaarheid van de gegevens van 2006 en 1998. Controle over de 
reproduceerbaarheid van data van opeenvolgend onderzoek heeft weinig aandacht 
gekregen in de literatuur.18 Een controle-onderzoek in het laatste NOHS van 2006 
wijst erop dat de waargenomen afname in cariës in 2006 ten opzichte van 1998 
vermoedelijk moet worden toegeschreven aan veranderingen in de 
cariësdiagnostiek.  Het monitoren van toekomstige trends in de cariësstatus is alleen 
mogelijk als de cariësdiagnostiek hetzelfde blijft en er tenminste één onderzoeker 
van het NOHS in 2006 aan deelneemt.   
 
Ernstige cariës en de relatie tot lage BMI 
Tot dusver is er weinig onderzoek gedaan naar de mogelijke consequenties van 
onbehandelde cariës. In hoofdstuk 5 worden de uitkomsten gepresenteerd van 
onderzoek naar de invloed van dentale infecties op de algemene gezondheid zoals 
vastgelegd in de Body Mass Index (BMI). De data voor dit onderzoek werden 
verzameld in het NOHS (2006) in de Filippijnen. De analyse van de gegevens liet 
een significante relatie zien tussen lage BMI en dentale infecties (vastgelegd aan de 
hand van de nieuwe PUFA-index), maar geen relatie tussen lage BMI en cariës 
zonder dentale infecties. Dit onderzoek is tot nu toe het enige dat die relatie toont in 
een representatieve groep 12-jarigen in een lagelonenland. Omdat er geen 
soortgelijk onderzoek gedaan is zijn er ook geen vergelijkingen te maken. Op grond 
van de uitkomsten was het mogelijk een  theoretisch model uit te bouwen waarin 
wordt aangegeven hoe gebrekkige ontwikkeling van kinderen is te verklaren. In het 
model zijn dentale infecties als gevolg van de hoge prevalentie van onbehandelde 
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cariës ingebouwd en het belicht interacties tussen alle factoren die leiden tot 
achterblijven in ontwikkeling. Dit uitgebouwde model is wellicht relevant voor 
zorgverleners buiten de tandheelkundige professie die zich met kindontwikkeling 
bezig houden. De bevindingen van dit onderzoek overbruggen het niemandsland 
tussen de ‘wetenschappelijke niche’ van de mondgezondheid en de ontwikkeling van 
het kind en zullen hopelijk bijdragen tot meer belangstelling voor mondgezondheid.   
Extractie van ernstig door cariës aangetaste, tijdelijke gebitselementen bij 4-5- jarige 
Filippijnse kinderen met PUFA en ernstig ondergewicht leidde tot een significante 
gewichtvermeerdering na behandeling (hoofdstuk 6). De literatuur met betrekking tot 
dit onderwerp is niet eensluidend, maar de dubbelzinnigheid is waarschijnlijk toe te 
schrijven aan minder stringente criteria voor selectie van kinderen met ernstig 
ondergewicht dan in het huidige onderzoek, evenals de behandeling die minder 
gericht was op gebitselementen met dentale infectie. Bovendien konden  in ander 
onderzoek tijdens de follow-up periode nieuwe, pijnlijke, carieuze laesies zijn 
ontstaan. Het huidige onderzoek laat zien dat de gevonden relatie tussen dentale 
infecties en lage BMI in hoofdstuk 5 mogelijk een oorzakelijke relatie heeft. Indien dit 
in toekomstig onderzoek verder kan worden onderbouwd heeft het verreikende 
consequenties voor de prioriteitstelling van mondzorg in lagelonenlanden.  
 
Een nieuwe aanpak voor geïntegreerde mondgezondheid 
Hoofdstuk 3, 4 en 5 belichten het ernstige lijden aan cariës bij de overgrote 
meerderheid van de schoolkinderen in de Filippijnen, het probleem van 
onbehandelde cariës, de hoge prevalentie van chronische dentale infecties en de 
ongunstige invloed ervan op de fysieke ontwikkeling. Landelijk gezien blijft cariës 
nagenoeg onbehandeld omdat mondzorgverleners, academici en politieke 
beleidsmakers niet hun verantwoordelijkheid nemen om mondzorg voor iedereen 
bereikbaar te maken.19 Er is een wezenlijke verandering nodig om het 
cariësprobleem op te lossen, namelijk een verschuiving van de voornamelijk 
restauratieve benadering naar een meer preventieve gericht op de zelfzorg van 
mensen.20 Internationale aanbevelingen maken duidelijk dat een preventieve 
benadering de enige oplossing is voor het wereldwijde cariësprobleem.21-23  
De ongekend grote omvang van gezondheidsproblemen onder kinderen in de 
Filippijnen heeft geleid tot defaitisme en wegkijken omdat beleidsmakers en politici 
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het probleem als onvermijdelijk zien en zich niet in staat achten om er iets aan te 
doen.24 De ‘Common Risk Factor Approach’ (CRFA) en het groeiende inzicht dat 
specifieke factoren bepalend zijn voor gezondheid bieden mogelijkheden tot een 
gezamenlijke en geïntegreerde aanpak ter verbetering van de gebrekkige hygiëne; 
een omgeving met schoon water en goede sanitaire voorzieningen draagt in hoge 
mate bij aan het bevorderen van de mondgezondheid en de algemene 
gezondheid.25,26 
 
Geïntegreerde schoolgezondheid – het  ‘Essential Health Care Programme’  
De bevindingen van het NOHS (Hoofdstuk 3, 4, 5) werden gebruikt bij het promoten 
van en lobbyen voor een gezondheidsprogramma op scholen dat de 
gezondheidsomstandigheden van kinderen beoogt te verbeteren. Het lobbyen voor 
(mond) gezondheid is een activiteit namens individuen en/of leefgemeenschappen 
om structuren te slechten die vooruitgang in de (mond) gezondheid blokkeren.27,28 
Gezagdragers in de gezondheid- en onderwijssector zitten gevangen in een starre 
bureaucratie en lijken onvoldoende inzicht te hebben in het positieve effect van 
schoolgezondheidsprogramma’s op de gezondheid en ontwikkeling van het kind.29 
Het is daarom noodzakelijk politici ervan te overtuigen dat de plannen ter bevordering 
van de (mond) gezondheid van de bevolking ook daadwerkelijk zullen worden 
uitgevoerd. Het gemis aan samenwerking tussen de ministeries van gezondheid en 
onderwijs, het ontbreken van zowel duidelijke mandaten als van een gezamenlijke 
visie maken dat de mogelijkheden die schoolgezondheidsprogramma’s bieden 
onbenut blijven.30  
Dit was de situatie in de Filippijnen. Integratie van mondgezondheid in de bredere 
context van algemene gezondheidsbevordering was een essentieel onderdeel van 
het lobbyen. Tijdens het overleg werd gebruik gemaakt van begrijpelijke gegevens 
over de gezondheidsproblemen van kinderen in combinatie met duidelijke, 
eenvoudige en effectieve strategieën ter verbetering. Essentieel is bij het lobbyen 
rekening te houden met ieders persoonlijke belangstelling en drijfveer om aan het 
schoolgezondheidsprogramma mee te werken (bijvoorbeeld politiek gewin voor 
politici, loopbaanvooruitzichten voor onderwijzers, kostenloze gebruiksmaterialen 
voor ouders van schoolkinderen). Alle activiteiten ingezet bij het lobbyen voor  goede 
gezondheid van het kind waren gericht op de juiste beleidsbeslissingen van politici. 
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Dit lobbyen droeg bij aan het bewustzijnsproces dat er ‘iets moest gebeuren’ , een 
momentum dat tenslotte uitmondde in een politiek breed gedragen   ‘Essential Health 
Care Programme’ (EHCP) voor openbare lagere scholen dat bij het ministerie van 
onderwijs het  predicaat nationaal vlaggenschip kreeg. 
Het EHCP beschreven in Hoofdstuk 7 staat voor een fundamentele verandering van 
de tot dusver gebruikelijke gezondheidsprogramma’s met kennisoverdracht op 
scholen. Gezondheidsonderwijs is onderdeel van veel nationale 
onderwijsprogramma’s, maar het beperkt zich tot kennisoverdracht. Helaas laat het 
de mogelijkheden liggen voor zichtbare en duurzame gedragsveranderingen. Deze 
creëer je door de omgeving te veranderen wat leidt tot het gewenste routinegedrag, 
dat wil zeggen iets doen omdat het zo hoort zonder je je ervan bewust bent.31 Het 
EHCP neemt cariës op in de bredere context van kinderziekten en is daarmee een 
voorbeeld hoe intersectorale samenwerking tussen gezondheid en onderwijs vorm 
kan krijgen. Daarnaast zijn scholen niet alleen onderwijsinstellingen maar ook 
plaatsen voor gemeenschapsactiviteiten die een voorbeeldfunctie hebben. Ze leiden 
tot verandering van levensomstandigheden dat wil zeggen tot verbetering in de 
naaste omgeving. Handenwassen en tandenpoetsen zijn de sleutelwoorden in het 
EHCP op openbare scholen waar kinderen in een door de overheid gevestigd 
systeem dagelijks deze routinehandelingen verrichten.32 Betrokkenheid van ouders 
uit de naaste omgeving bij het aanleggen van waterleiding en wasgelegenheid op het 
schoolterrein en duurzame financiële overheidsondersteuning zijn essentiële 
voorwaarden in het EHCP. 
 
Van theorie naar praktijk in publieke gezondheid – ontwikkelen en invoeren van 
effectieve interventies 
Strategieën en interventies in de publieke gezondheidzorg ontwikkelen zich idealiter 
vanuit fundamenteel en toegepast onderzoek via kleinschalige ‘community trials’ naar 
grootschalige uitvoering. Op basis van de concepten van Rose33, wordt in  afbeelding 
1 uiteengezet hoe bewijskracht voor preventieve interventies op gezondheidsgebied 
tot ontwikkeling kan komen. Wanneer een mogelijke preventieve methode in het 
laboratorium is ontwikkeld volgt toegepast onderzoek in de vorm van 
gerandomiseerd gecontroleerd onderzoek (RCT) dat moet uitwijzen in hoeverre de 
interventie effectief is onder optimale klinische omstandigheden. De volgende stap is 
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het vaststellen van de werkzaamheid van de interventie in grootschalige toepassing 
die de werkelijkheid benadert. De bevindingen in dit proefschrift komen uit 
‘community trials’ en uit grootschalige toepassing volgens het onderstaande model.  
Afbeelding 1. Model van de relatie tussen werkzaamheid en effectiviteit in verschillende 
onderzoeksopstellingen (bewerkt naar Rose, 1993) 
 
Zelfs in geval interventies werkzaam zijn in fundamenteel en toegepast onderzoek 
kunnen omstandigheden binnen en buiten het gezondheidsveld verschillen zoals het 
correct uitvoeren van het voorgeschreven programma, beperkte ondersteuning en/of 
onvoldoend getrainde zorgverleners waardoor de uiteindelijke effectiviteit lager uitvalt 
dan op grond van de gerandomiseerde gecontroleerde onderzoeken mocht worden 
verwacht. Het is daarom van eminent belang de werkzaamheid op alle niveaus van 
het gepresenteerde model te tonen.  
Hoofdstuk 8 beschrijft een longitudinaal cohortonderzoek naar de 
gezondheidsuitkomsten van het EHCP in de Filippijnen. De gezondheidsuitkomsten 
een jaar na invoering van EHCP laten reeds positieve trends zien en de verwachting 
is dat deze trends zullen doorzetten naarmate het programma voortduurt.  
 
Conclusie  
Het bewijs leveren dat interventies effectief zijn in de publieke gezondheidszorg, het 
op juiste wijze verbinden van wetenschap en praktijk en het samenbrengen en 
integreren van verschillende sectoren en programma’s om ziekten op een 
realistische, kosteneffectieve manier te voorkomen opent mogelijkheden om het 
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wereldwijde probleem van kinderziektes waaronder cariës doeltreffend aan te 
pakken.  
Dit proefschrift laat zien hoe wetenschappelijke bevindingen kunnen worden gebruikt 
in de praktijk van alle dag in de Filippijnen, een laag middeninkomenland. De 
succesvolle invoering van EHCP in de Filippijnen is een voorbeeld dat navolging 
verdient in andere landen die vergelijkbare problemen kennen.  
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Epiloog en perspectief 
Belangrijke ontwikkelingen die buiten het bestek van dit proefschrift vallen laten het 
belang zien van de Fit for School benadering volgens het onderliggende concept en 
de toepassing van wetenschap naar praktijk. In 2010 is de Filippijnse NGO, Fit for 
School Inc., geregistreerd. Ze werd opgericht met ondersteuning van het Deutsche 
Gesellschaft für International Zusammenarbeit GmbH (GIZ), een belangrijke speler in 
het regionale gezondheid- en onderwijsveld van Zuidoost-Azië. GIZ ondersteunt de 
regering van de Filippijnen bij het implementeren van het ECHP-programma. Eind  
2011 hadden al meer dan 2.5 miljoen kinderen in de Filippijnen baat bij het Fit for 
School programma. 
In 2011 heeft het Duitse Ministerie van Economie en Ontwikkeling GIZ gemachtigd 
samen te werken met de South East Asian Ministries of Education Organization 
(SEAMEO) om de regeringen van Cambodia, Indonesië en Laos te ondersteunen bij 
het introduceren en opzetten van Fit for School programma’s in die  landen.  
De overname en schaalvergroting van de Fit for School benadering in andere landen 
in Zuidoost-Azië is sterk gestimuleerd doordat dit programma internationaal 
bekroond is door de International Association of Paediatric Dentistry, de Shils 
Foundation in de VS en door het International Poverty Reduction, Equity and Growth 
Network (PEGNet). Bovendien is het Fit for School programma bekroond door de 
Wereld Bank, het United Nations Development Program (UNDP) en de Wereld 
Gezondheidsorganisatie (WHO) voor ‘Innovation in Global Health’. Fit for School als 
concept is ook aangeprezen in een aantal internationale publicaties over 
schoolgezondheid hetgeen aanzienlijk heeft geholpen bij het lobbyen.34-40 
Internationale waardering en samenwerking op het gebied van Fit for School tussen 
GIZ, AUSAID en UNICEF als grote internationale spelers in het veld van 
ontwikkelingsamenwerking is een aanwijzing voor het vermogen van het Fit for 
School programma om schoolgezondheidsprogramma’s in andere landen nieuw 
leven in te blazen door op een effectieve manier publieke gezondheid terug te 
brengen  naar een momenteel onderschatte openbare plaats – de school. 
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